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PREFACE. 



ALONG period has elapsed— to be measured by centuries — 
since the Hydro-Metallurgical Treatment of Copper Ores 
was originated at the Rio Tinto Mines. Several processes have 
since been evolved, as the result, in large measure, of the 
investigations of manufacturers of sulphuric acid, who employ 
iron sulphides containing a low percentage of copper for the 
production of the acid, and who made it a special study 
to extract the residual copper from the burnt pyrites and 
cinders. -The successful solution of that problem led to the 
adaptation of various leaching processes at a few low-grade 
copper mines, where smelting operations would have been too 
costly for the profitable treatment of the ores. 

The application of the various lixiviation processes has 
had only a limited scope up till now ; but it is more than 
likely that in future more attention will be given to them, 
owing to the necessity which (it may be expected) will arise 
for an economical exploitation of the low-grade copper 
deposits occurring in various parts of the globe. These can 
be made to pay by leaching — which, when judiciously applied, 
is cheaper than smelting — and in view of the increasing 
consumption of copper many of these hitherto undeveloped 
sources of supply will no doubt be opened up and utilised. 
~£ In the present volume, no claim is made to originality, 
J|e descriptions given of various processes now in operation 
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INTRODUCTION. 

THE Hydro-metallurgical Treatment of Copper is 
adopted for cupriferous ores which are too poor 
in copper contents to stand the high smelting charges 
that prevail in nearly every copper-producing district, 
owing to the high price of fuel ; and the wet methods 
have consequently solved many low-grade problems 
which would otherwise have remained dormant. 
Similar methods are applied also to the treatment of 
alloys of copper with silver and gold, for the purpose 
of separating the precious metals and other ingredients, 
such as nickel, cobalt, bismuth, etc. 

The immense deposits of -cupriferous iron pyrites 
in the district of Huelva, in Spain, of which the Rio 
Tinto is the principal mine, would never have become 
available had it not been for the application of these 
methods, which are specially suited to the local con- 
ditions prevailing in those regions. 

But before applying the wet methods it is essential 
to study the character of the ores, and to see if they 
are fitted for such treatment. 



2 INTRODUCTION. 

Sulphuric acid is the agent which plays a great 
role in dissolving the copper, but its production by 
natural agencies is very slow, as the sulphur in the 
ore heaps requires twenty years before its transformation 
into sulphuric acid and the complete sulphatisation of 
the iron and copper. To assist nature the ore heaps 
are roasted, and even then it takes about two-and-a-half 
years to obtain 80 per cent, of the copper contents at 
Rio Tinto. Any enterprise of this character, therefore, 
must be prepared for a great lock-up of capital, repre- 
sented by the large ore heaps constantly undergoing 
the preparatory roasting. 

Beside sulphuric acid, hydrochloric acid and chlorine 
play an important role in the methods to be described. 

Owing to the large percentage of sulphur which 
the low-grade copper pyrites contain, they are utilised 
for the manufacture of sulphuric acid, and at several 
points in Europe and in the United States important 
centres of this industry have gradually been developed. 
The ordinary pyrite burners — used for driving off the 
sulphur fumes, to be utilised in condensing chambers — 
have gradually given way to mechanical roasting 
furnaces, especially for the treatment of the fines ; and 
the kilns or burners which are in practical use for 
the purpose will be found described in this volume. 



PART I. 

THE PRODUCTION OF COPPER AND ITS 

SOURCES OF SUPPLY. 



CHAPTER I. 

THE CHEMICAL PROPERTIES OF COPPER. 

IN a dry atmosphere, at the ordinary temperature, copper 
remains unaltered. In a damp atmosphere, in the presence 
of carbonic acid, it becomes covered with a thin coating of 
copper carbonate — verdigris. If heated to redness in a current 
of air, it becomes coated with a grey-black layer of cupreous 
and cupric oxide, which will scale off if suddenly cooled in 
water. 

Copper is easily soluble in nitric acid, in aqua regia, and in 
strong boiling sulphuric acid. In dilute sulphuric and muriatic 
acids, with admission of air, it dissolves slowly. 

If an impure plate of copper be used as an anode in an acid 
solution of sulphate of copper, and another plate be taken as a 
cathode, a properly regulated electric current will precipitate 
chemically pure copper upon the cathode, the anode dissolving 
in the same ratio, while the impurities contained in the latter, 
including often gold and silver, remain as a residual mud. This 
is the basis of modern electrolytic refining of copper. Copper 
has two oxides. 

The Cupreous Oxide (Cu>0) melts at a red heat without 
decomposition. It is freely dissolved in molten metallic copper. 
In a pulverised condition it can be changed into the higher 
oxide by gently heating it in air. It is easily reduced to metallic 
copper, and forms a fusible slag with silica. Melted with 
sub-sulphide of copper in proper proportions, the copper in 
both substances is reduced entirely to the metallic state, while 
the sulphur of the- sulphide combines with the oxygen of the 
cupreous oxide, and forms sulphurous acid gas. This reaction, 
and a few analogous ones, are the main basis of the treatment of 
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most ores of copper. If cupreous oxide is melted with sulphide 
of iron (FeS) in proper proportions, the copper combines with 
sulphur to form subsulphide, which, together with a portion of 
the undecomposcd sulphide of iron, forms matte, while the 
iron that has been changed to a protoxide by the oxygen 
of the cupreous oxide, combines with silica, should that be 
present, to form slag. The matte being heavier sinks to the 
bottom and can easily be separated from the supernatant 
slag, and the first step in the fusion of copper ores has been 
accomplished. 

Nitric acid converts cupreous oxide into cupric oxide, which 
is then dissolved. Sulphuric acid decomposes it into cupric 
oxide and copper ; the cupric oxide is dissolved. Muriatic 
acid dissolves cupreous oxide into cupric chloride, which by 
the, addition of water is precipitated as a white powder. 
Ammonium dissolves the cupreous oxide to a colourless solu- 
tion, which when exposed to the air changes to a blue colour 
on the formation of ammonium cupric oxide. 

The Cupric Oxide (CuO) is not fusible, but is easily reduced 
through carbon, carbonic oxide, and hydrogen to metallic copper. 
1 It will not combine with silica to form a slag at ordinary 
metallurgical temperatures unless there be such conditions present 
as will reduce it first into a cupreous oxide. If cupric oxide is 
melted with subsulphide of copper (Cu 2 S) in proper proportions, 
sulphurous acid and metallic copper are formed. If cupric oxide 
is melted with sulphide of iron in proper proportions, copper is 
separated in metallic form, the iron is converted into ferrous 
oxide, and sulphur volatilises as sulphurous acid. If they are 
not in proper proportions, matte is obtained containing the 
copper as a subsulphide, together with intermediate sulphides 
of iron and a silicate of the ferrous oxide that has been formed. 
It is soluble in ammonia. Ferrous chloride converts cupric 
oxide into cupreous and cupric chlorides, with formation of 
ferric oxide. Ferric chloride converts cupric oxide into cupric 
chloride. 

Silicate of Copper in the presence of a strong base, such as 
ferrous oxide or lime, is reduced by carbon to the metallic 
state. When heated with sulphide of iron, sulphide of copper 
and silicate of iron are obtained. When heated with metallic 
iron, silicate of iron and metallic copper are obtained. 
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Sulphides of Copper. There are two sulphides, of which 
only the subsulphide Cu 2 S is of importance, as the CuS loses 
one half its sulphur at a comparatively low temperature. The 
subsulphide is fusible at a lower temperature. Metallic lead 
has no decomposing effect on the sulphide of copper. 

Copper Sulphate (CuS0 4 + 5 H 2 0). The crystallised copper 
sulphate dissolves in 4 parts of cold water. At 100 it loses 4 
molecules of water; at 200 it loses all its water. At a bright 
red heat it decomposes into copper oxide and sulphuric acid. 
When heated with carbon at a dark red heat the copper 
is separated, with formation of carbonic acid and sulphurous 
acid ; but at a bright heat carbonic acid and copper sulphide is 
formed. When heated with subsulphide of copper, the reactions 
are similar to those of cupreous and cupric oxide. From 
solutions of the copper sulphates, the copper is precipitated 
by means of iron and zinc as metallic copper ; by means of 
hydrogen .sulphide and the sulphides of the alkaline metals 
it is precipitated as a sulphide. By the electric current, 
copper separates from the copper sulphate on the cathode, 
whereas the acid goes to the anode. If on the anode ferrous 
sulphate is present in solution, it is converted into ferric 
sulphate. 

Cupreous Chloride (Cu 2 CI 2 ) is only slightly soluble in 
water. It is easily dissolved in hydrochloric acid, sodium 
chloride, potassium chloride, calcium chloride, magnesium 
chloride, ferrous chloride, zinc chloride, manganous chloride. 
From solutions of the cupreous chloride metallic copper is 
precipitated by iron and zinc ; by means of hydrogen sulphide 
and the sulphides of the alkaline metals of earth, as copper 
sulphide ; by means of calcium hydroxide, as cupreous 
oxide. By the electric current copper separates from the 
cupreous chloride solutions on the cathode, whereas the chlorine 
goes to the anode. If cupreous chloride solutions are present 
at the anode, they are converted into cupric chloride by the 
chlorine. 

Cupric Chloride (CuCl 2 ) is easily soluble in water. With 
copper oxides it combines in various proportions, forming 
oxychlorides. From solutions of the cupric chlorides metallic 
copper is precipitated by means of iron and zinc ; sulphuretted 
hydrogen and the sulphides of alkaline metals and earths 
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precipitate sulphides ; by calcium hydroxide copper hydroxide 
is precipitated. By pressing sulphurous acid into cupric 
chloride solutions, cupreous chloride is precipitated. By the 
electric current copper separates at the cathode and chlorine on 
the anode. The knowledge of these reactions is essential in 
the carrying out of the hydro-metallurgical operations of 
copper ores. 



CHAPTER II. 

THE PRODUCTION OF COPPER FROM 

THE ORE* 

The advances made in the metallurgical treatment of copper 
ores are in proportion to the great strides which have been made 
in other departments of the industrial arts and sciences during 
the past century, but the limit of improvements has not yet 
been reached, as the continued efforts to ameliorate the plants 
at numerous mines tend to lower the cost of production. The 
tendency cf the metallurgist is to work in the direction of 
rapid treatment of the ores, and to invent methods whereby he 
can obtain the metallic copper with the least amount of tedious 
and costly manipulations. The marvellous success that has 
already been accomplished is shown by the results attained at 
Lake Superior, where ores containing \ per cent, of copper can 
be treated at a profit. Of course, in this case, the simplicity 
of the metallurgical operations required to make the copper- 
contents of the ores marketable has wonderfully assisted the 
metallurgist in his operations. 

There is a striking difference in a modern copper-smelting 
plant, when compared with those which were in operation 20 or 
30 years ago. A 30 to 50 tons cupola was then considered a 
large furnace, whereas, if the notable copper mines of to-day are 
passed in review, it will be found that the up-to-date water- 
jackets are smelting, year-in and year-out, from 200 to 250 tons, 
and even 300 tons, daily. The same comparison applies to 

* This chapter comprises the substance (with some additions and revision 
to date) of a Paper read by the Author before the Institution of Mining 
Engineers, at their General Meeting in London on May 23rd, 1901 ; the 
Paper being reproduced here by arrangement with the Council, 
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reverberatory smelting furnaces, whose ancestors can be seen in 
Swansea, where tradition and custom have adhered to the 
original size of g feet by 15 feet internal dimensions, whereas 
a modern reverberatory furnace has a laboratory of 16 feet by 
35 feet, smelting 50 tons of ore daily ; and even these arc small 
when compared with those lately erected at the Boston and 
Montana Company's works, where regenerating reverberatory 
furnaces are smelting from 125 to 150 tons of roasted ore into 
matte daily. 

It is not only in the direction of capacity and size that 
advances have been made, but also in the simplification of the 
processes of extraction. Let any student on the subject take up 
old text-books and compare the many and varied manipulations 
through which the ores, matte, and the great nomenclature of 
intermediate products had to pass before fine copper was 
obtained, with the simplicity of manipulation of the modem 
metallurgist, obtaining the same results in two or three opera- 
tions. These resolve themselves, practically, into (i) converting 
the raw or the roasted ores into a liquid condition — by smelting 
and (ii) the conversion of the resulting matte, by bessemerising, 
into metallic copper. 

The most notable advance in smelting has been the utilisation 
of the sulphur, iron, and other oxidisable substances in the ores 
as generators of heat, so that they practically smelt themselves 
without the aid of extraneous heat ; the application of this 
principle being known as " pyritic smelting." 

The principal supply of copper is derived from the United 
States, which country furnishes over 55 per cent, of the world's 
production. In that country the methods of treatment have made 
the most marked advance, and it is matter for reflection that 
in the United States, where the ruling wages arc higher, supplies 
dearer than elsewhere, and distances to markets are enormous, 
the producers of copper have been able to control the markets of 
the world and to compete with mines more favourably located. 

All copper is not produced by smelling ; in some isolated 
cases, as at Rio Tinto, in Spain, the copper-contents are ex- 
tracted by wet methods, or leaching ; and in Arizona, U.S.A., 
sulphuric acid is used as a solvent for the extraction of 
copper. The brilliant results achieved at the Rio Tinto 
mines by the natural decomposition of the ores, which after 
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being exposed in immense heaps to atmospheric agencies are 
then lixiviated, goes to prove that, where local conditions favour 
the introduction of wet methods, copper can be won at a very 
low cost by these means ; and although no exact data are at 
hand, it is well known that the Rio Tinto mines produce copper 
at about £20 per ton, or (in U.S.A. currency) five cents per 
pound, and no doubt there are many low-grade deposits which 
can be made remunerative by the application of hydro-metal- 
lurgical processes. 

Where copper ores are mixed with a large proportion of 
earthy ingredients, these are removed by mechanical means — 
namely, concentration — and the enriched products or " concen- 
trates " are turned over to the smelter. This method is pursued 
at Lake Superior, Butte (Montana), and at some mines in 
Arizona, U.S.A. 

There is a wide field open for investigation in devising a 
profitable method of treatment of zinciferous copper ores, by 
which the zinc may be extracted and the residues then treated 
for copper. Large quantities of copper ores are neglected, 
because they carry from 25 per cent, and upwards of zinc, and 
the smelters charge a heavy penalty for ores carrying over 8 or 
10 per cent, of zinc, the charge being 2s. (50 cents) per unit of 
zinc, above this legal minimum. 

Owing to the increased demand for fine copper, the large 
producers refine their product electrolytically ; and when the 
ores carry gold and silver, the separation of these precious 
metals is effected during this process, in course of which they 
are collected in the separating-vats and made marketable by 
well-known methods. 

Many copper mines prove profitable owing to the precious 
metals in their ores, and in some instances it is doubtful whether 
the mines could have been made to pay in the absence of their 
gold and silver contents. Such mines as the Le Roi and its 
neighbours, in the Rossland district of British Columbia, might 
be called gold mines, as the output at the Le Roi, for 1 898, was 
about 825 tons of copper, 68,000 oz. of silver, and 52,850 oz. of 
gold. The Anaconda Mine, Montana, U.S.A., produced in the 
same year over 5,000,000 oz. of silver and 16,610 oz. of gold. 
Such mines as the United Verde in Arizona, U.S.A., the Mount 
Lyell in Tasmania, the Great Corbar in New South Wales, and 
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many others, carry gold and silver, which add largely to the 
profits made. 

If an ore be taken which carries 6 per cent, of copper and 
6 oz. of silver, and something more than traces of gold, the 
converter bars will average ioo oz. of silver and 6 to 7 dwts. 
of gold, or a value of £13 15^. (66 dollars) per short ton of 
fine copper; and allowing £3 (15 dollars) for electrolytic 
refining charges, this will leave a profit of ;£io 15J. (53 dollars), 
or 1 \d. (2 \ cents) per lb. of fine copper produced. 

The cost of electrolytic refining ranges from £2 10s. to 
£4 (12 to 20 dollars) per ton, according to localities. 

It is a difficult matter to establish the average price at which 
a pound of copper is being produced, as local conditions vary 
in each district, and so many factors play an important role in 
raising or lowering its cost of production. The most astonishing 
feature in the American production is the fact that, in Michigan, 
metallurgical skill has enabled producers to treat at a profit ores 
which carry only 0*65 per cent, of metallic copper, equal to 

13 lb. of copper to the ton. This at 7\d. (15 cents) per pound 
is equal to $s. \\d. (1*95 dollars) per ton: the mining, con- 
centrating, and smelting costs are 4$". \\\d. (1*19 dollars), leaving 
a profit of 3^. 2d. (076 dollars) per ton of ore, and the copper 
costs 4'S7S^ (SHS cents) per lb. 

In large ore bodies having a width of 20 to 100 feet, the cost 
of breaking the ore should be low, but there is a set-off in the 
expense of timbering, and therefore 12s. 6d. to 16s. &d. (3 to 4 
dollars) per ton for mining costs (including developments) ought 
to be well within the limits. 

At the United Verde mine in Arizona, U.S.A., where the 
claim is made that copper is being produced under the most 
favoured conditions in that territory, mining costs per lb. of 
copper should be \\d. (3 cents) on ores averaging 7 per cent. 
As the ores are heap-roasted, smelted for matte, and bessemerised 
on the spot, with coke costing £2 10s. (12 dollars) per ton, these 
operations involve an outlay of about 2*2$d. (4 \ cents) per lb., 
and the shipment to the eastern electrolytic refinery 0*50*/. 
(1 cent): making the cost, with the refining charges, about 
475^. (9J cents) per lb. ; in which figures no account is taken 
of the gold and silver. With some exceptions, the copper 
produced in the Lake Superior regions also averages about 
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4*5°^- (9 cents) per lb., and the above figures can be taken as 
the basis of the cost of copper at the principal centres of pro- 
duction in the United States. 

Copper mining, at the prices which rule at present, say 
j\d. to &d. (15 to 16 cents), is very profitable; but the margin 
of profit in mines which carry no precious metals must have 
been very narrow when copper was selling at 5*25^. to 5'50</. 
(10J to 11 cents) per lb., especially at low-grade mines. 

The fact that in most copper mines surface and shallow 
workings have yielded high-grade oxidised ores has enabled 
many mines to give profitable results under the most adverse 
working conditions ; it is the rich surface ores which have 
furnished the capital to build railways and construct improved 
smelters ; and when the poorer sulphide-ore zone was reached, 
the road was paved for their commercial working. A rich 
surface showing on any copper property may prove, however, 
most deceptive, as the true value of the mine can only be 
determined when the sulphide-ore zone is reached. In some 
instances extensive oxidised ore bodies occur, which may 
furnish such ores for years — the Copper Queen mine in Arizona, 
U.S.A., may be mentioned as an example. 

Copper, from a metallurgical point of view, is produced by 
four different methods, namely: (1) From metallic or native 
ores, such as are found in the Lake Superior mines, where 
they are of great purity, and require no other treatment than 
the ordinary refining and casting for commercial purposes ; 
(2) copper produced from sulphide ores by smelting in rever- 
beratory and blast furnaces, with the attendant preliminary 
preparation of the ores, and the subsequent converting and 
refining operations ; (3) the production of the metal from 
oxidised ores by a reducing smelting in blast furnaces, with 
subsequent refining; and (4) the metal is produced from 
sulphide and oxidised ores by various leaching processes and 
subsequent precipitation. 

The bulk of the metallic copper is produced from low-grade 
ores, of which some examples are given in Table I. (page 14). 

In Table II. (page 15), the production of copper is given 
arranged according to the various countries whence it is 
derived. 
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The quantity of 468,463 tons (Table II.), at an average price 
of £60 per ton, represents a value of ^28,107,780. It would be 
interesting to ascertain the quantity of silver and gold contained 
in the copper produced, but as many mine owners refuse to give 
the necessary data, it is impossible to make such a computation. 
The eleven electrolytic copper refineries in the United States 



Table I. 



Name of Mine or Company. 


Locality. 


Copper- 
content. 


Silver. 


Gold. 






per cent. 


Oz. 

per ton. 


Oz. 

per ton. 


Copper Queen . 


U.S.A., Arizona 


80OO 


— 


— 


United Verde 


>> »» • 


7000 


? 


? 


Mountain Copper Company . 


,, California 


8'COO 


— 


— 


Anaconda .... 


,, Montana 


4*260 


416 


OOI4 


Atlantic Mining Company 


Lake Superior . 


0648 


— 


— 


Calumet and Hecla 


>> 


3*000 


— 


— 


Kearsarge .... 


»» 


1*990 


— 


— 


Osceola Consolidated . 


>> 


1*070 


— 


— 


Quincy Mining Company 


>> 


1560 


— 


— 


Tamarack . 


>> • 


1330 


— 


— 


Wolverine .... 


»> 


1150 


— 


— 


Great Hall .... 


Canada, British Co- 










lumbia . 


3'47o 


— 


— 


Le Roi 


>» 


2*350 


«'53 


0*780 


Tilt Cove . 


Newfoundland . 


3500 


— 


— 


Cape Copper 


Cape Colony 


IO'OOO 


— 


— 


Great Cobar Copper 


New South Wales 


4-220 


050 


OI94 


Mount Lyell .... 


Tasmania . 


3*520 


238 


OO9O 


Atacama District . 


Chile. 


5000 


— 


— 


Boleo 


Mexico 


6*000 


— 


— 


Mansfeld . 


Germany . 


2*500 


500 


— 


RioTinto . . . . 


Spain 


3000 


1-5° 


traces. 
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have an estimated annual yield of 198,600 tons of copper, 
170,273 oz. of gold, and 21,199,200 oz. of silver. Taking the 
gold at £4 per oz. and the silver at 60 cents per oz., this 
represents £3,225,000, or an average of £16 $s. of gold and 
silver per ton of copper treated, although, no doubt, these values 
fluctuate very largely according to localities. 



Table II.— The World's Production of Copper for the Years 

1898, 1899, and 1900.* 













Per cent. 


No. 


Countries. 


1898. 
Tons.t 


1899. 

Tons.t 


190a 
Tons. J 


of total 

Production 

1900. 


I 


United States of America . 


239,241 


259,5 «7 


268,229 


55*35 


2 


Spain and Portugal . 


53>225 


54,220 


52,872 


1 1 '00 


3 


Japan 




25.175 


27,560 


27,840 


5'6o 


4 


Chile . 






24,850 


25 000 


25,700 


5 20 


5 


Germany . 






20,085 


23,460 


20,310 


4*io 


6 


Australasia 






18,000 


20,750 


23,000 


470 


7 


Mexico 






15,668 


19.121 


22,050 


4 '60 


8 


Canada 






8,040 


6,73o 


8,446 


170 


9 


South Africa 






7,060 


6,490 


6,720 


i*45 


10 


Russia 






6,000 


6,ooo 


8,000 


1*65 


11 


Bolivia 






2,050 


2,500 


2,IOO 


o'40 


12 


Italy . 






3.039 


3,000 


3,000 


075 


'3 


Norway 






3,6i5 


3,610 


3,935 


083 


14 


Peru . 






3,040 


5.165 


8,220 


170 


15 


Newfoundland . 






2,100 


2,700 


1,900 


0*40 


16 


Austria- Hungary 




i,540 


1,505 


i,355 


0-30 


17 


United Kingdom 




640 


55o 


650 


016 


18 


Sweden 




480 


520 


450 




19 


Argentina . 




125 


65 


75 • 


O'll 


20 


Algeria .... 


50 












1 


fotals 


434,023 


468,463 


484,852 


— 



* Compiled from The Mineral Industry. 



t Tons of 3, 240 lb. 



J The production of copper for 1901 in the European countries amounted to 100,241 tons 
consequently there was an increase over and above the production for 1900. 
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The first ten mines in Table III, produce 48 per cent of 
the world's output, and the other thirty 30 per cent., leaving 
22 per cent, to the mines not enumerated. 



Tablk III.— List o 



the Principal Mikes 



r> thbir Production for 1899. 



I 






An icon tin 

Calumet and liecla . 

Rio Tinto 

Boston and Montana . 

Mansfeld . 

United Verde . 

Copper Queen . 



Besshi 
Tamarack . 
Mount Lyell 

Montana Oic Purchasing 
pany . 

Quincy Mining Company 

Butte and Boston 
Detroit Company 
Wallaroo and Moonta 
Oswolii CoDaulidaled 

Parrot Mining Company 
Butte Reduction Works' 
Colorado Smelting and R< 

Company 
Cape Copper Company 
Mason i ISaiTV, limited 

Uuh Consolidated '. 

Old .Dominion . 

Sudbury . 

Nam aqua Copper Com par 

Rossi and . 

Wolverine 

Atlantic . 

North Mount Lyell . 

Untied Globe . 

Tilt Cove . 

Kiadebek . 
Franklin 



.Montana, U.S.A. 

Lake Superior, U.S.A. 

Spain 

Montana, U.S.A. 

Germany . 

Arizona, U.S.A. 



Spam 



California, U.S.A. . 
Arizona, U.S.A. 

Lake Superior, U.S.A. 
Tasmania . 



Montana, U.S.A. 

Japan 

1-ike Suj-.L-r;..-.r. L'.S.A. 

\[..r:iaii.i, U.S.A. 

Arizona, U.S.A. 

South Australia 

Lake Sui-L-riur L'.S.A. 

Montana, U.S.A. 



Cape Colony . 

Porlugal . 

New South Wales 

Utah, U.S.A. . 

Arizona, U.S.A. 

Canada 

Cape Colony . 

British Columbia, Canada 

Lake Superior . 



Arizona, U.S.A. 

] ' 1 1 1 i-3i Columbia, Canac 

N'.-ivioi!iu!hind . 
Russia. . . 

Lake Superior, U.S.A. 



48,176 
43.75° 
33.882 
30.000 
20,785 
19,641 
'6,473 
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Table IV. — The World's Production of Copper since 



Year. Tons.* 

1887 223,798 

1888 258,026 

1889 261,205 

1890 269,615 

1891 275,589 

1892 291,474 

1893 302,021 
• Ton of 2,240 lb. 

Table V. — Consumption of Copper in Different Countries 

in 1899.* 

Countries. 
United States of America (outside of existing stocks) 



Year. 


Tons.* 


1880 


153.959 


l88l 


163,369 


1882 


181,622 


1883 


199,406 


1884 


220,249 


1885 


225,592 


1886 


217,086 



Year. 
1894 

1895 
1896 

1897 
1898 
1899 
I900 



1879. 
Tons.* 

324,764 
334,554 
378,440 
405,350 

434,023 

468,463 
486,084 



Germany 

Great Britain 

France 

Austria-Hungary . 

Russia . 

Italy . 

Belgium 

Netherlands 

Denmark, Sweden, Norway, Spain, and Balkans 

Exportation to Asia and other Countries 

Japan, Australia, and Eastern Asia 



Tons. 
190,887 
97,656 
82,404 

47,633 
16,921 

12,509 

8,520 

5,5oo 
2,400 
2,600 
1,250 
9,000 

477,271 



Total Consumption 

* Recueils Statistiques, by the Metallgesellschaft Frankfurt-am-Main, 1900. 

Table VI. — Stocks of Copper on hand in France and Great Britain, 
excluding Copper in Transit from Chile and Australia, according 
to Reports by Messrs. H. R. Merton and Company, London. 





Stocks on Jan. 1st. 
Tons. 


Year. 


1888 . 


• 35,001 


1889 . 


• 96,194 


1890 . 


. 94,942 


1891 . 


. 62,449 


1892 . 


• 53,486 


1893 . 


• 51,556 


1894 . 


. 43,428 



Year. 
1895 
1896 
1897 
1898 
1899 
I900 
I90I 



Stocks on Jan. 1st. 
Tons. 

51,575 
43,604 

3 ',776 

27,895 
22,702 

17,797 
12,600 



Most mines are being pressed into greater activity to increase 
the output, with the result that the copper production during 
the last two or three years of the last century was the largest 
in the history of this metal ; and, in spite of the discovery 
and development of new copper-ore bodies and the activity 
of existing producers, they are barely keeping pace with the 
increasing demand for this metal. The best authorities on 
the subject seem to agree that the price of copper will be 
maintained at a higher level than heretofore, notwithstanding 
the recent drop in the metal, which evidently seems to be the 
result of market manipulation ; the principal argument brought 
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forward in support of this view being that many of the great 
copper mines cannot maintain indefinitely their present ratio 
of production, and that there are at present very few new large 
ore bodies being developed which promise to become large 
sources of supply in coming years. The general opinion is 
that eventually any reduced output from the large mines will 
be equalised by the production of numerous smaller properties 
now in course of development. 

The following figures prove that the increase in the world's 
production was not large: in 1899 the production was 468,463 
tons, whereas in 1898 it amounted to 434,023 tons, showing 
an increase of only 34,440 tons, or j\ per cent. ; further, in 1900 
the production was 486,084 tons, whereas in 1 899 the production 
was 468,463 tons, an increase of 17,621 tons, or barely 4 per 
cent. From these figures it may be inferred that an over- 
production of the metal is not likely to take place, in view of 
the increasing demand for it which exists for electrical, naval, 
and railway purposes. 

Taking the price of copper, on an average, as at £60 per 
ton, there is a handsome margin of profit in mines which can 
produce the metal at £40 per ton ; so that a mine which can 
turn out 1,000 tons of copper a year at that price would show 
a yearly profit of £20,000, amply sufficient to justify the invest- 
ment of a substantial amount of capital. 



Table VII.— Average Price of 


Copper. 




Chile Bars, G.M.B., 


Lake Copper in New York. 


Year. 


per ton * in 
London. 








Per lb. 


Per ton. 




£ s. d. 


Cents. 


£ s. d. 


1888 


81 11 3 


i6| 


77 O O 


1889 


49 14 8 


13I 


63 IO O 


1890 


54 5 3 


l5 f 


72 15 O 


1891 


51 9 4 


12* 


59 10 


1892 


45 x 3 2 


11J 


53 O O 


1893 


43 15 6 


10} 


49 10 


1894 


40 7 4 


9$ 


43 15 


1895 


42 10 7 


10? 


49 10 


1896 


46 18 1 


10* 


50 17 6 


1897 


49 2 7 


11J 


52 5 


1898 


57 16 7 


12 


55 15 


1899 


73 13 9 


178 


81 7 6 


I9CO 


highest, ;£8o ; 


lowest, £ 


50. 



* Tons of 2,240 lb. 
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In studying the question of supply and demand, it would be 
interesting to present such facts as would embody the future 
possibilities of all the prominent mines, with regard to their 
ability to maintain or increase their present output of copper ; 
but only a few general remarks on the subject can be offered 
here, and they embrace only the districts where notable copper 
mines are located. 

Although copper ores are found distributed over the whole 
world, the chief centres of production are not very numerous, 
if it be considered that Montana, Michigan, and Arizona, in the 
United States of America, and Spain and Portugal, account for 
285,939 tons, or over 61 per cent of the total production. The 
United States is the largest copper-producing country ; next in 
importance are Spain and Portugal ; then comes Chile, whose 
production stands about equal with Japan's ; and next in im- 
portance is Germany, followed by Australasia and Mexico. 

There is very little doubt that the ore bodies of Butte 
Montana, U.S.A., will extend to great depth ; it is questionable 
whether they will maintain their present copper values, but with 
improved methods they will be able to maintain their present 
production for many years. 

The deposits of Lake Superior, U.S.A., are of great extent, 
and are known to exist at great depths. The conclusion can 
be drawn that the supply from that region will be maintained, 
and possibly, owing to the increase in the price of the metal, as 
new and old mines are being opened, the present ratio of pro- 
duction in that region may increase. 

The Rio Tinto mines are of such known extent that the 
present production will be maintained for some generations 
to come. 

Judging from indications as they present themselves to the 
observant copper prospector, it is more than likely that a few 
years hence, Arizona, U.S.A., will greatly increase its present 
production. Mexico will, given the necessary railway facilities, 
more than double its present production. 

Although Colorado, U.S.A., figures as a copper producer, the 
metal is won mostly as a by-product in the treatment of its 
silver-lead and other ores, and from the copper ores sent to the 
custom smelters from various quarters of the western states. 
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Besides Shasta county, other counties in California, U.S.A., 
promise to become producers of copper; and in Idaho, U.S.A., 
when railway communication shall have been established with 
the Seven Devils country, some valuable copper deposits will 
become available. 

In the Seven Devils district, and in the adjacent Snake 
River canon, copper deposits are very abundant. There is, in 
that vicinity, an extensive scries of Triassic basic lavas, with 
intercolated layers of slates and limestone. There are also 
diorites, intrusive in these beds. All of these igneous rocks 
apparently contain copper, which was easily concentrated into 
deposits of various kinds ; some, fissure veins ; others, zones of 
impregnation ; others, contact deposits. In the locality of the 
original discovery in the Seven Devils, the copper occurs in 
typical contact-deposits. Small masses of limestones are em- 
bedded in a later, intrusive diorite ; at the contact, and usually 
in the limestone, are found irregular bodies and bunches of 
bornite, chalcocite, and a little chalcopyrite, containing some 
10 oz. of silver and a little gold per ton. The limestone at the 
contact is very crystalline, and contains, associated with the 
ores, abundant garnet, epidote, quartz, calcite, and specularite. 
The copper sulphides, as shown by their intergrowth, were 
certainly formed at the same time as the gangue minerals. 

Wyoming, as well as Nevada, U.S.A., will also be added to 
the list of copper producers. Utah, U.S.A., too, has some 
valuable copper mines. 

Late discoveries of alluvial gold in Alaska, U.S.A., have given 
an impetus to prospecting in that Arctic region, and the reports 
of copper discoveries there are too numerous to be ignored ; 
but, so far, attention can only be given to the properties which 
are located near the sea coast. When a railway line connects 
Walfisch Bay with the Cape Town to Buluwayo line, something 
will be heard of the now dormant deposits of copper in German 
South-west Africa. New Caledonia is at present shipping its 
ores to various ports of Australia, but no doubt, in course of 
time, it will have its own smelting establishments. In Brazil, 
a French company is inaugurating work on some promising 
mines, which are favourably located for economical exploitation. 
There is no telling where new discoveries may be made, and 
consequently such a contingency as an exhaustion of the 
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copper supply in a generation or two is not likely to take 
place, for many localities which are copper-bearing will become 
productive when provided with railway and transport facilities. 
On the other hand, there is so far no indication that over- 
production can take place. 

The development of the copper-mining industry in the 
Western states of America and in Mexico is greatly assisted by 
custom smelters, who have a very uniform rate of charges, 
according to location ; and it will be interesting to examine 
Table VIII., containing a schedule of the smelting charges by 
one of the Arizona smelters, located at the Needles. 



Table VIII. 



Copper ores 

containing Lead. 

Percentages. 

oto 5 

5 .» io 
io „ 15 

15 „ 20 
20 „ 25 

25 t. 30 



Smelting charge per Ton. 



£ 

2 

2 
2 
I 
I 
I 



s. 
12 

7 

3 

15 
11 



d. 

I 

II 

9 
7 
5 
3 



Dollars. 

1250 

11*50 

IO*50 

950 

850 

7*50 



Copper ores 

containing Lead. 

Percentages. 

30 to 35 

35 >. 4o 

40 •• 45 

45 •• 5o 
50 „ 60 



Smelting charge per Ton 



£ s. d. 
I 7 I 
I 2 II 

O 18 
o 14 

O IO 



60 and over — 



9 
7 
5 



Dollars. 
650 
550 
450 

3*50 
2*50 

free. 



The zinc limit in lead ores is 5 per cent., and in copper 
ores 10 per cent, and for each unit over and above 10 per cent, 
2s. id. (50 cents) per unit is the penalty. 

The payment for lead above 5 per cent, per unit on a 16s. Sd. 
(4 dollars) basis, New York price, is shown in Table IX., and 
for each advance or decline of 2\d, (5 cents) in the New York 
price, a corresponding variation of \d. (1 cent) is made in the 
price per unit. 

Table IX. 

Copper ores 
containing Lead. Payment per Lead Unit. 



Copper-ores 

containing Lead. 

Percentages. 

to 5 


Payment per 
£ s. d. 

nil 


Lead Unit 
Cents. 

nil 


5 » i° 


1 8 


40 


IO „ 15 


1 8 


40 


15 „ 20 


1 8 


40 


20 „ 25 


1 8* 


41 


25 »» 3° 


021 


50 



Percentages. 


£ 


5. 


d. 


Cents. 


30 to 35 





2 


l£ 


51 


35 ti 4o 





2 


2 2 


53 


40 ,, 45 


c 


2 


H 


53 


45 » 5o 





2 


3 


54 


50 „ 60 





2 


it 


55 


60 and over 





2 


55 



Sulphur, up to 5 per cent, is allowed free in copper ores, but 
is. o\d. (25 cents) per unit is charged for excess above it. 
The smelting rates on copper ores are shown in Table X. 
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Table X. 



Percentages of Smelting 1 charge per Ton. 

Copper. £ s. d. Dollars. 

o to 5 I 13 4 8'CO 

5 it 10 192 7'co 



10 



ff 



15 



5 o 



6*oo 



Percentages of Smelting charge per Ton. 
Copper. £ 8. a. Dollars. 

15 to 20 I 2 11 5-50 



20 „ 25 
25 » 3° 



I O IO 

o 18 9 



5 # oo 
450 



Neutral bases, such as silica and iron, are charged ?\d. 
(15 cents) per unit up or down to a maximum charge of 
£2 12s. id. (12*50 dollars) per ton. 

The payments for copper ores arc shown in Table XI. 





Table XI. 




Percentages of 
Copper. £ 

to 5 O 

5 „ IO O 

10 „ 15 O 


Rate per Unit. 
s. d. Dollars. 

63 1-50 

5 3i 175 
8 4 200 


Percentages of 
Copper. £ 

15 to 20 O 

20 „ 25 O 

25 » 3° 


Rate per Unit. 
s. d. Dollars 

8 9 2*IO 

8 11$ 215 

9 2 2*20 



Gold is being paid for at the rate of £4 3s. 4*/. (20 dollars) 
an oz. ; and silver at 2s. 6d. (60 cents) an oz. 

The western smelters greatly prize lead ores of a high per- 
centage, and make no smelting charge for ores containing over 
60 per cent, of lead, as this metal is mainly utilised as a collector 
for the gold and silver contained in the dry ores. 

The railway companies charge their freights in accordance 
with the value of the ores, the low grade paying lower rates than 
the high-grade ores. 



1 

1 
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CHAPTER III. 

THE OCCURRENCE AND DISTRIBUTION 

OF COPPER ORES. 

(i) Arizona, U.S.A. 

Copper ores are extensively distributed throughout this 
territory, which, in course of time, is destined to become the 
second in the rank of producers in the United States. At 
present, the chief centres of production are : Bisbee, in the 
southern portion of Chochise county ; Jerome, in Yavapai 
county ; Morenci and Clifton, in Graham county ; and Globe, 
in Pinal county. Large quantities have also been produced in 
Pima county, near Tucson, and in the Santa Rita Mountains, 
near Rosemont. With the advent of improved railway com- 
munication, many localities will become producing centres, as 
many promising prospects are idle for lack of capital and 
transport facilities. Those which deserve to be mentioned are : 
The Azurite copper mines, in the Surritas mountains ; Olive 
Camp, in the Pima mining district ; the San Xavier mine, near 
Tucson ; the Hillside copper mines, in the Eureka district ; the 
Ray copper mines of Pinal county ; the Kennedy-Bryan group, 
in Pinal county ; the Helvetia copper mines, situated 3 1 miles 
south of Tucson ; the Dos Cabezas mines ; the Grand Reefs, 
in Graham county ; the Piety group, in Pinal county ; the 
Castle Creek district, in Yavapai county; and many others. 

The production of copper in this territory for 1899 amounted 
to over 55,000 long tons. 

United Verde Mines. — These mines, situated at Jerome, 
28 miles from Prescott, in Yavapai county, are owned by 
Senator Clark, of Montana, who built his own railway to 

23 
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connect the mine with the Prcscott and Phcenix line. He 
produces from 1,500 to 1,800 tons of copper monthly, containing 
considerable quantities of gold and silver. The ore bodies are 
of great extent and value, and cannot be exhausted in a lifetime. 
From different levels adits have been driven, which have opened 
the mine to a depth of 600 feet. By one of those strange 
incongruities peculiar to mine administration, the splendid 
smelting works are located on the top of a mountain, and the 
ore has to be hauled up steep inclines by electric traction, instead 
of taking advantage of the natural declivity, which would allow 
the automatic handling of the ore, if the smelter had been 
located at the foot of the mountain, and would have made it 
also possible to utilise the ample water supply of the Verde 
river, not so very far distant from the base of the mountain 
range on which this mine is located. 

The mines, smelting plant, and town of Jerome are situated 
on the eastern slope of the Black Hill range, nearly upon the 
crest, at an altitude of about 5,600 feet above sea level, and at 
least 1,800 feet above the Rio Verde valley, which spreads out 
in a grand panorama to the cast and south. 

The ore bodies are found in slates, and to a limited depth 
the ores were carbonates and oxides. Below the surface ores is 
found a partially oxidised, rich black sulphide of copper, and 
below this are found the unaltered sulphide ores. Most of the 
ores from this mine are now heap-roasted before going to 
the smelter. In 1899, the mine produced about 20,000 tons 
of copper. 

Geologically considered, the United Verde is in a zone of 
slates and intruded dioritic rocks, the neighbouring .limestones 
being of later age, uncomformably superposed, and apparently 
having no connection with the deposits. 

The other three great copper producing districts of Arizona, 
namely, Bisbec, Globe, and Clifton, resemble each other, in that 
the deposits occur in a region of limestones and intrusive 
eruptive-rocks and under climatic conditions of extreme aridity. 

Bisbee.- — The camp is situated near the head of a canon, 

on almost the extreme southern edge of Cochise county, about 

6 miles from the Mexican boundary line. The Bisbee mine 

is owned by the Copper Queen Company. It is reached by its 

mnccts with the Southern Pacific Railway 




which < 
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at Benson, about 35 or 40 miles north-west. The town is 
scattered up and down the canon for at least a mile ; but the 
business portion is centred immediately east and south of the 
smelting plant. 

At Bisbee the Copper Queen deposits are in flat-lying lime- 
stones, which are underlaid by quartzites, and have not been 
developed to any great vertical depth. 

The appearance of the oxidised ore is very peculiar, and to 
the inexperienced eye would appear like so much clay enclosing 
nodules of cupriferous limonite. Disseminated through these 
clayey ore bodies is found an appreciable quantity of finely 
divided metallic copper. To a depth of 400 feet, the copper 
is mainly in the form of carbonates, with hydrated oxides of 
iron and alumina, carrying about 8 per cent, of copper ; but 
below this depth, sulphide ores are encountered. 

At this mine copper bars were produced by a single fusion 
from the oxidised ores. In 1894, matte smelting was adopted, 
but there is still enough oxidised ore in the mine to enrich the 
matte, which averages 45 per cent. The production of copper 
from this mine in 1899 was 16473 ^ns- 
All the copper at the Arizona carbonate mines is produced 
by a single fusion in water-jacket furnaces, and, in case any 
excess of sulphide ores are present, a matte is produced simul- 
taneously, which is roasted in kilns and added to the ore charges. 
The copper is produced as black copper, containing from 95 to 
97 per cent, of copper, and the matte carries 50 to 60 per cent, 
of copper. 

Clifton- Morenci Copper District. — In this district, situate near 
the borders of New Mexico, the area of mineralisation is much 
larger, and the geological conditions more complicated. A series 
of quartzites and limestones resting on granite have been exten- 
sively cut through by igneous intrusions of both basic and acid 
eruptives, and subsequently broken by a complicated system of 
faults. The ore is found both in the eruptive- rocks and in 
a certain horizon of limestone. 

The principal mining companies are the Arizona Copper 
Company of Clifton, and the Detroit Copper-Mining Company 
of Morenci. The former draws its ore supplies from various 
groups of mines, situated from 5,000 to 7,000 feet above sea level. 
The most important of them, the Longfellow group, is situated 



96 



HYDRO-METALLURGY OK COPPER. 






in the heart of the Morenci field, side by side with the mines of 
the Detroit Copper-Mining Company, has been a producer since 
1872. Up till a few years ago, practically all the ores were 
taken from the contacts of magnesian limestone and porphyry. 
These ores were oxidised and self-fluxing, and a single smelting 
was all that was necessary to produce copper bullion, 98 per cent, 
fine. The mineralised limestone belt extended fully 1 mile in 
length. The ore bodies, however, were largely superficial in 
their occurrence, and were never found in quantity at a greater 
depth than 300 feet below the surface, the average depth of pay 
ore being 1 50 feet. The ores, generally, have been formed by 
the replacement of limestone by solutions of copper. As early 
as 1 891, the mines situated in the magncsian-limestone field 
began to give evidence of exhaustion. Extensive exploration 
by the diamond drill was only successful in exposing and 
throwing more light on the mineral formation. Exploration 
for new ore bodies in this direction being unsuccessful, attention 
was turned to the extensive porphyry belt, against which the 
limestone and calcareous shales abut. 

On the surface of the porphyry belt there were practically no 
indications of copper. There was, therefore, nothing definite to 
follow from the surface. Under the circumstances, it was deemed 
advisable to pierce the Humboldt mountain by a tunnel, which 
would cut under the apex of the mountain, at a depth of fully 
400 feet. This work, conducted with judgment, was success- 
ful in exposing enormous bodies of low-grade sulphide ores, 
which, however, were so low in grade that for a time it was 
doubtful whether they could be treated with profit. An enormous 
amount of capital had been sunk in the development of the ore 
bodies, and further large outlays were made on concentrating 
plants and on other plants necessary for the treatment of these 
ores. The problem was successfully solved and the ore bodies 
exposed proved much more extensive than the original 
magnesian limestone belt. 

addition to the Longfellow group, the company has 
also groups of mines known as the Queen, Coronado, and 
Mctcalf. Of these, the last-named, so far, has been the most 
important. It has produced largely a low-grade oxidised ore, 
bimd on the surface of the Mctcalf hill. This ore, while 
extremely low in grade, occurs in great quantity. For its 
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treatment concentration and leaching have both been found 
necessary. 

Both at CHfton and Morenci, concentration of the carbonate 
ores has been carried on ; this gave rich concentrates, but the 
losses in the tailings being heavy, leaching works have been 
erected for their treatment by means of sulphuric acid, using 
metallic iron to precipitate the copper. The acid is made on 
the spot from the sulphide copper ores. 

The metallurgical plant is one of the largest in the territory, 
and consists of smelting furnaces with a capacity of 500 tons 
per day, concentrating plant with a capacity of 750 tons per 
day, a leaching plant with a capacity of 1 50 tons per day, a two- 
converter Bessemer plant, operated entirely by gas engines ; a 
sulphuric-acid plant, and a bluestone plant. In addition to the 
Bessemer plant, three of the concentrating plants are operated 
by gas engines. The gas engines employed have a rated capacity 
of 750 horsepower, and have been found to be extremely 
economical in fuel. The company is now producing copper at 
the rate of about 9,000 tons per annum. It employs about 1,500 
men on its mines, railways, and works. 

The Detroit Copper-Mining Company of Morenci, the 
property of Messrs. Phelps, Dodge & Company, produces 
about 6,000 tons of copper per annum, and employs 1,000 men. 
This company is about to build a narrow gauge (3 feet) railroad 
from Morenci to Guthrie, a distance of 18 miles. The Company 
is also erecting a 100-ton concentrating plant, and is making 
many improvements of a substantial order. 

Globe Copper District, — The Globe district is situated on the 
north-western slope of the Pinal mountains, about twenty-eight 
miles from the old and once famous Silver King mine. In the 
period from 1876 to 1883, this district attracted much attention 
by reason of the many discoveries of rich silver mines. At 
present mining activity is confined chiefly to copper. The 
completion of the Gila Valley, Globe, and Northern railway, 
a branch of the Southern Pacific railway, now gives access 
to the region, and has greatly stimulated its development. The 
first location on what is now considered the main copper- 
bearing belt was made in 1875 by the locators of the Silver 
King mine, and it was named the "Globe." This location is 
now held and worked by the Old Dominion Copper Company 
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which also has two other locations on the same vein— the 
South-west Globe and the Globe Ledge. The vein is described 
as following a contact, having a diorite footwall and a limestone 
hanging-wall containing fossils of the Carboniferous period. On 
the west side of the outcrop, there is a capping of trachyte, 
which conceals outcrops in that direction. Good ore was proved 
by Dr. Trippel in a drift west from the shaft, and openings were 
afterwards made through the bed of trachyte ; these have been 
extended downward on ore for over 300 feet. This deposit 
was regarded by Dr. Wenclt as a fissure vein, and he notes that 
in approaching the ore body through the long adit tunnel 
running lengthwise of the claims the conditions are similar to 
those observed in the Longfellow mines at .Clifton and the 
Queen and Prince mines at Bisbee, especially as regards the 
decomposition and kaolinisation of the rock. 

The main ore bodies are in limestone, and the ores are 
mostly oxidised, but large bodies of sulphide ores have been 
found on the second and third levels, with oxidised ores below 
them. The ores carry a large amount of silica, and frequently 
require heavy additions of lime and iron to the smelting 
charges. 

Table XII. — Copper-Production in Arizona, U.S.A. 
for 1898, 1899, and 1900.* 



Name of Mine. 


1898. 


1899. 


1900. 


Arizona Copper. 

Copper Queen . 

Detroit 

Old Dominion . 

United Verde . 

United Globe . 

Other Mines 




Tons.t 
8,111 

1 5,066 

5,102 

800 

18,896 

1,271 

223 


Tons.t 

8,514 

16,473 
6,208 

2,8ll 

19,671 

1,987 

334 


Tons.t 

8.793 

15.349 

4,799 

3.194 

17,844 

1,584 


Totals 


1 


49,469 


55.998 


51.563 



*, Compiled from The Mining Industry. 



t Tons of 2,240 lb. 
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(2) Montana. 

The principal copper camp in Montana is Butte, well known 
through the famous Anaconda mine. Like a promontory, a butte 
rises boldly above the surrounding country as a landmark to 
prospectors, giving this locality in Silver Bow county the name 
of Butte, which, prior to the development of its copper resources, 
was known as a prominent silver-producing camp. 

The mining district around Butte City forms a rectangle 
seven miles long by four miles wide. The country rock is 
mainly granite, traversed by dykes of volcanic rocks, which 
seem to be in close association with the eruptive rocks of the 
Butte. The copper belt occupies a large portion of this area, 
and the ore deposits occur in very irregular masses. They do 
not seem to have in many places defined walls, and the ore 
occurs mostly in shoots, which pinch out along the strike, but are 
very persistent in depth. The ore formation is a succession of 
lenses, and this lenticular form is very characteristic of the 
smaller ore deposits. The width of the ore shoots varies, from a 
few feet up to 100 feet, as in the Anaconda mine. 

In these large ore bodies occur horses and large bunches of 
country rock, which, together with the very poor ore, are left 
behind to fill in the stopes. Like those of most large copper 
ore bodies, the outcrop ores are of brown quartz, heavily charged 
with iron. After breaking through this quartz capping, quartz, 
associated with soft red and yellow iron oxides, rich in gold and 
silver, occurs, but showing very little copper. On deeper sinking 
the copper zone is gradually approached, and at water level the 
unaltered region is finally reached. 

As the ore bodies do not present very sharply defined walls, 
Mr. S. F. Emmons has suggested that they have formed along a 
series of small fissures marking some line of disturbance, and 
not from a general faulting, and have enlarged the original 
channels by replacement of the walls. 

The mineral characteristics are varying proportions of 
sulphide of copper, chalcopyrite, and pyrite, and occasional 
bornite. The gangue is mainly granitic with some quartz. 

The prominent characteristics of the Butte copper lodes are, 
first, an upper oxidised zone extending down from 200 to 400 
feet from the surface, which contains less than 1 per cent, of 
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copper on the average, the value being principally in silver. 
Below this is a rather itt-defined zone characterised by great 
values in the rich copper sulphides* associated with pyrite and 
chalcopyrite. The proportion of these rich sulphides gradually 
decreases with depths* until in some mines the ores consist only 
of pyrite with a slight admixture of chakopyrite. 

Mr* Hiram \\\ Hixoo> in his * Notes on Lead and Copper- 
Smelting** gives the cost of making i IK of copper at the 
Anaconda mine as shown in Table XI II. This cost does not 
include freight at New York City. In each lb. of copper 
there is recovered an average value of about 2d. (4 cents) in 
precious metals. 

The Butte sulphide ores are concentrated at the Anaconda 
works in plants similar to those of Lake Superior. In some of 
the works jigs and Frue-vanners are used. The concentrates, 
which contain about 40 per cent of sulphur, are roasted in 
mechanical furnaces down to about 6 per cent. Ores containing 
1 o to 12 per cent, of sulphur are not roasted. The coarse ore 
is smelted in cupola-furnaces* and the fine ores in reverberatory 
furnaces. 



Table XUl. 



Pound of Copper SokL 



Mining 

Concentrating . 
Smelting . 
Converting 

Casting . 
Refining . 
Melting . 

Total cost 



P*«c*. 



1*556 

0*307 

1*076 
353 



4170 



Cents. 



3.112 
0*614 
2153 
0705 



3*292 


6*584 


0*178 


C356 


0*500 


1*000 


0*200 


0*400 



8*340 
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Table XIV. — Copper-Production in Montana, U.S.A., 

for 1898, 1899, and 1900.* 
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Names of Mines and Works. 


1898. 


1899. 


1900. 


Boston and Montana .... 

Butte and Boston 

Butte Reduction-works .... 
Colorado Smelting and Refining Company 
Hecla Consolidated Mining Company 

Parrot Company 

Montana Ore Purchasing Company . 
Other Mines and Works .... 

Totals 


Tons.t 
47,863 

27,678 
3,125 

4,323 
3.418 

53 
5.555 
5,841 


Tons.t 
48,176 

| 35.267 

4,486 

4,273 
69 

4,743 
6,857 
2,578 


Tons.f 

t- 

29.553 
7,567 
5.566 

5.H3 

.-* 

9.936 
55.809 


97,856 


106,449 


113,603 



* Compiled from The Mining Industry. t Tons of 2,240 lb. 

; Included under other mines. 



(3) Michigan, U.S.A. 

Lake Superior District. — In this region copper is found in 
the metallic state in the upturned rocks of Algonkian age 
(see Fig. i), known as the Keweenawan series* in both the 
sedimentary and the interstratified igneous rocks, which were 
deposited unconformably on the iron-bearing Huronian series, 
and they in turn are overlapped by nearly horizontal Cambrian 
sandstones. 

The Keweenawan series consist of eruptive layers, and of 
sandstones and conglomerates largely made up of a detrital 
eruptive material, the latter predominating. These rocks have 
experienced intense and long-continued metamorphic action, 
which has produced amygdaloidal structure. The metal occurs 
as a cement, binding together and replacing the pebbles of a 
porphyry-conglomerate ; or filling the amygdules in the upper 
portions of the interbedded sheets of massive rocks ; or as irre- 
gular masses, sometimes of great size, in veins, or in irregular 
masses along the contacts between the sedimentary and the 
igneous rocks. When in small veins, they traverse the beds at 
right angles to strike and dip. Minute specks of copper- 
minerals are found in the succeeding sandstones, but not in 
sufficient quantity to be of any commercial importance. No 
other metallic minerals are found in association with the copper, 
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exccpt silver, which also mostly occurs in the metallic state. 
The rocks of the Keweenawan system are most strongly 




developed on the southern shore of Lake Superior at Keweenaw 
Point, where they dip north-eastward under Lake Superior, and 
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reappear with a south-easterly dip on Isle Royale and the 
Canadian shore. Western Lake Superior occupies this synclinal 
trough. 

There are three districts in this locality: (i) Keweenaw 
Point on the easternmost end ; (2) Portage Lake in the middle ; 
and (3) Ontonagon, at the western end. 

The Portage Lake district is the most important, and here 
are located the Calumet and Hecla, Tamarack, Peninsula, etc., 
mines. The miners distinguish the occurrence of ore in the 
different workings as either amygdaloid or conglomerate ores. 
At one time this section was the leading copper-producer in the 
United States, but of late years, Butte, Montana, has taken the 
lead. The locality was evidently known to some prehistoric 
races who mined for the metal, ample evidence of which was 
found by the early explorers. In the workings large masses of 
native copper, weighing many tons, have been encountered, and 
the amygdules are often entirely filled with native copper ; but 
when their filling is not exclusively metallic, the copper is 
accompanied by native silver, calcite, quartz, chlorite, etc. 
When, as sometimes occurs, a mass of copper is met with, 
extending some 20 or 30 feet along the course of a vein, and 
weighing considerably above 100 tons, its removal is attended 
by a certain amount of difficulty. In order to extract such 
a mass of copper the rock is first stoped from one side of it, and 
the metal subsequently divided (by means of cross-cut chisels) 
into fragments of such dimensions as to admit of their being 
taken upon rollers to the shaft and thence raised to the surface. 

The permanency of the ore deposits in these regions require 
ho further evidence than the depth of some of the shafts whence 
the ores are raised. These, in several instances, exceed 4,000 
feet, and shafts are being continued to a depth of 5,000 feet. 
When it is considered that the productive Lake Superior mines 
extend along a narrow belt, nearly 100 miles in length, it is 
evident that they will constitute, for a long time to come, 
important factors in the world's copper supply. 

Lake Superior copper has always been sold on the market 
as refined copper, but as the largest portion of the copper from 
other districts is now electrolytically refined, Lake Superior 
brands no longer enjoy the same exclusive reputation as 
heretofore. 
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In the Lake Superior district, the ores are, on an average, of 
a low grade, the copper being disseminated through the rock 
in small metallic particles. This necessitates a preliminary 
stamping of the rock and the subsequent concentration of the 
mineral, which is sent to the smelter. There are employed at 
the reduction works large ball stamps, capable of crushing 
300 to 400 tons per stamp per day, and the stamp product is 
concentrated on jigs and slime tables. Owing to the low grade 
of the rock, every possible economy has to be used in mining, 
with great capacity for the crushing plants and all the accessory 
operations, so as to reduce costs to a minimum. The ores of 
this region do not carry any gold. 

The stamp discharges the ore through screens, with perfora- 
tions / 5 inch in diameter, to hydraulic separators, and thence to 
jigs and rotary slime tables. The only middlings produced are 
in re-jigging the overflow from the coarse jigs, which make the 
richest concentrates. The middling heads that are thus separated 
by re-jigging from the waste tailings arc sent back to the stamps 
for re-crushing. At the mills, two grades of concentrated pro- 
ducts are made, carrying about 25 per cent, and 85 per cent, of 
metallic copper respectively. 

To give an idea how close the margin is, at which some of 
these mines had to work, it is only necessary to adduce the 
example of the Atlantic Mine. That mine in 1894 crushed 
330,000 tons of ore, producing 3,120 tons of mineral or con- 
centrate, less than 1 per cent, of the quantity of rock stamped, 
yielding 2,416 tons of copper, or 77^ per cent, of copper in the 
concentrates, and the copper was sold at $ - 2$d- (loj cents) 
per lb. 
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Table XV. — Copper-Production in Michigan, U.S.A. 

for 1898, 1899, and 1900. 



Name of Mine. 


1898. 


1899. 


1900. 




Tons.* 


Tons.* 




Arcadian 


— 


890 


357 


Atlantic .... 




1,950 


2,087 


2,209 


Baltic 




18 


269 


774 


Calumet and Hecla 




42,OIO 


43,750 


36,34o 


Central .... 




130 






Franklin .... 




1.593 


504 


1,635 


Mass 




— 


27 




Osceola 




5,269 


4,888 


5,000 


Quincy Mining Company 




7,309 


6,384 


6,302 


Tamarack . 




10,044 


7,9 2 4 


8,214 


Wolverine . 




V59 


2,137 


2,133 


All other Mines . 




11 


662 


1,429 


Totals 


• • 


7o,493 


69,522 


64,393 



* Tons of 2,240 lb. 

Table XVI.— Production of Copper in the United States from 

1897 to 1900 Inclusive.* 



States and Territories. 


1897. 


1898. 


1899. 


1900. 




Tons.t 


Tons.t 


Tons.t 


Tons.t 


Arizona 


36,170 


49,475 


55,972 


51,520 


California .... 


6,308 


9,618 


10,677 


I3i232 


Colorado .... 


4,213 


4,853 


4,739 


3493 


Michigan .... 


65,107 


69,95 1 


69,574 


64,387 


Montana .... 


105,874 


96,866 


106,229 


"3,599 


Utah 


1,721 


2,404 


4,156 


8,261 


Eastern and Southern States . 


1,664 


x »999 


1,698 


3,088 


All others .... 


90I 


953 


2,227 


5,597 


Copper in sulphate of copper. 

Totals . 


1,867 


3,132 


4,245 


5,051 


223,825 


239,251 


259,517 


268,229 



* In 1931 the production of copper in the United States amounted to 263,346 tons, and 
consequently was below the production of the previous year. 

t Tons of 2,240 lb. 



The consumption of copper in the United States for 1899 
amounted to 174,822 tons. About two-thirds of the copper 
produced in the United States is electrolytically refined. 
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Table XVII. — Production and Consumption, 


and Imports 


and Exports 




of Copper in the United States since 1882. 




YMir. 


Imports. 


M. 


Slock on hand 
J*nu°ry m. 


Prod net ion. 


Cdnsi.tdp.ioii. 




Tom.* 


Tons* 


Tons.' 


Tons.' 




1882 




2,788 


? 


41,191 


? 


1883 


282 


22,630 








1884 




47,^45 


'3.394 


66.138 




IS&5 


! 5 6 




'3,394 






1886 


238 


29,605 


15.625 


72,428 


40,918 


18S7 


94 




'7,857 




63,598 




48 


35,714 


17,857 


'04,338 




188Q 


55 


3a.58g 


33.482 




3l,l84 


i8go 


296 


'7.8S7 


29,018 






l&)l 


1,408 


5 '.394 


45.089 




94,685 






40,198 


33,929 






i893 


2.473 


80,387 


25,000 


H9.544 




1804 






26,073 




84,267 


,895 


7-194 


54.332 


34.698 


177,881 




1896 




■ 25.851 






102.083 


1897 


12,026 j 128,851 


21,821 


227.763 


126,438 




19.410 133.8^4 


24,269 


239.241 


122,382 


'899 


42,218 111,573 




259-5'7 
268.229 






46,342 157.469 


39,608 


'55i'69 



* Tons of 3,140 lb. 

Table XVIII.— Production of Copper in the United States.* 



Y«r. 


A, ii0 n.. 


CaJi- 
Tons.t 


Colo- 
Toiw.t 


M.chigan 


Montana. 


Mew 
Mexico. 


Utah. 


Eastern & 

-■-,-, ..ih.-.r, 
Stales. 


Allffllitr. 




Tom.! 


Tona.i 


Tons,) 


Tons,1 


Ton-s.t 


Tons.t 


Tons.t 


1880 


6)6 




7 




? 


7 


? 




? 


1881 


1,726 


? 


7 


? 


? 


? 


■t 


? 


? 


1883 


8,028 


369 


667 


25.505 


4.043 


388 




873 


388 


1883 


10,659 


715 


5"5 


26,454 


11,010 


368 


151 


449 


1,053 


1884 


11.934 


391 


»99 


20, .150 


I9-338 


37 






594 


188.; 


10.137 


J09 


512 


32,482 




36 


V? 


'13 


S"3 










35,830 


25,718 


218 








.887 


7,94' 


714 


898 


33.836 


35, '34 


136 


1,116 




i,c86 




14,821 


700 


7*4 


3^17 


43,977 


728 


W> 


45 


1.445 


1889 


14.702 




1.384 


39.024 


46,691 


1.64s 


1,072 


40 


1,61 8 


1890 


16,508 


7'4 


2,678 


44,953 


49.553 


388 


273 1 1.875 


7 


1891 


18,700 


1,671 




51,071 




714 






1892 




',43° 


3,336 


47.960 


73.348 


223 
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(4) Mexico. 

Boleo Mine, in Lower California. — At Boleo, opposite 
Guaymas, on the peninsula of Lower California, is located this 
now well-known copper mine, which is exploited by a French 
Company, and Mr. E. Fuchs has given the following description 
in his "Notes sur les Gisements of Cuivre de Boleo/'* of this 
remarkable deposit of copper ore, which occurs in Tertiary sand- 
stones, conglomerates, and tufas. The eastern slope of the 
(mostly eruptive) mountain range extending through the penin- 
sula is a plateau, gently descending towards the Gulf of 
California, and cut by precipitous canons. It is formed of 
strata containing characteristic Miocene fossils. Tufas decidedly 
predominate, and the series contains three or four copper-bearing 
beds, covering a large area, and cropping out at many places in 
the caftans. These lie immediately upon conglomerates formed 
of pebbles of eruptive rock (different and characteristic for each 
horizon), and are overlain by clayey tufas. The whole is 
traversed by several fissures, of which the largest and most 
important is a fault fissure, occurring at the western border of 
the district, and striking about parallel with the sea shore. 

In the ore beds above the ground water level, disseminated 
oxidised ores prevail, such as black oxide of copper, and the 
protoxide, with atacamite (CuCl 2 -f 3CuO -f 3H 2 0), azuritc. 
malachite, and chrysocolla, with crednerite (2Mn 2 3 , 3CuO) 
In the second ore bed (counting downwards) there are peculiar 
globular concretions, like oolites, of copper oxide and carbonate, 
sometimes several centimetres in diameter, which are locally 
called boleosy whence the name of the district. The third ore 
bed lies in part below the ground water level, and contains, in 
addition to the foregoing minerals, the copper sulphides chal- 
cosine (Cu 2 S) and covelline (CuS). The ore beds are composed 
of tufa, in which ores, in disseminated spots and veinlets, as well 
as globular concretions, are irregularly distributed, with a visible 
tendency to concentrate towards the bottom of the bed, where 
they form a compact ore layer, 6 to 10 inches thick. 

The Boleo mine produces about 10,000 tons of copper per 
annum. The black copper resulting from smelting is shipped 
to the United States. 

* Association Francaise pour 1'Avancement des Sciences, 1885, 
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Michoacan. — At Inguaran, in the Ario district in the State of 
Michoacan, are large bodies of low-grade concentrating ores, and 
these mines have passed into the hands of Messrs. de Rothschild, 
who will build a line of railway from the mines to Zihuatanejo 
on the Pacific. In ore samples which the writer has seen, the 
copper sulphides seem to be pretty evenly disseminated in a 
granitic rock, and should form a splendid concentrating material. 

Somrd. — During a recent journey into some portions of 
the State of Sonora, the writer had occasion to inspect some 
promising copper deposits, and there is very little doubt that 
Mexico will, in course of time, become an important producer 
of copper. 

The copper-mining industry in Mexico is greatly benefited 
by Messrs. Guggenheim Brothers, who own large smelting works 
at Aguas Calicntcs, and ores from smaller properties are sent 
to these works for treatment. 

(5) Canada and British Columbia. 
British Columbia. — The principal ore deposits are located 
near Rossland, and Mr, R. G. McConnel, of the Geological 
Survey of Canada, after a short visit in 1S94, reported* the 
country about Rossland to be "an area of eruptive rock, mostly 
dioritc and uralite-porphyrite, cut by many dykes," but as no 
complete geological survey had been made, nor any lithological 
study, only a very general description has been given. The 
main mass of all the country is evidently dioritc, although it 
presents many different gradations in composition and structure, 
varying from a fine-grained aphanitic rock, with very little 
hornblende, at one extreme, to nearly massive hornblende at 
the other, often showing mica and pyroxene. Much of it looks 
like a basic syenite, and the ore bodies traverse the diorite. 
In going over this region, the variations are seen to be very 
marked, in some places the rock being stratified, as if of 
sedimentary origin, but in all probability it is a more or less 
altered eruptive. Porphyry dykes, from 1 foot up to 60 and 

t wide, traverse the country, many with a north-and-south 
strike, but with no apparent dislocation of the veins through 
which they cut ; indeed, at six such points of intersection the 

" Summary Reports of the Geological Survey of Canada," 1894-5. 
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ore seemed to be concentrated, and even to follow along the 
dyke for some distance, but this must be made clear by further 
underground work. 

In the Rossland district, the prospecting work has shown 
clearly that there is a large system of lines of fracture with 
an east to west and north-east to south-west trend, and a 
persistent northerly dip, along which more or less ore has 
concentrated, either as bodies of solid sulphides or sulphides 
scattered through the country rock. Some of these fissures can 
apparently be traced through several 1,500 feet claims, and along 
them are the large ore shoots now being mined or developed, 
the maximum width of pay ore, so far, being about 35 feet 
Many of these fissures have been, or are now being, prospected, 
and in many instances, with surface indications of the most 
unfavourable character, the improvement has been very marked 
in the increase of the amount of ore and its value. The great 
probability that more rich ore shoots will be found by following 
these fissures has made all such property valuable, and is deciding 
the commencement of extensive exploratory work. Again, large 
shoots of low-grade ore, mostly the coarse-grained magnetic- iron 
pyrites or pyrrhotite, assaying from traces to £1 $s. to £1 10s. 
(6 to 8 dollars) in gold, have been found, and are being ex- 
plored for better-grade ore, and so far with some success. 

The surface of these ore shoots is covered with the typical 
iron capping, or reddish brown sintery mass, and experience 
enables the prospector to distinguish between disintegrating 
sulphides and barren diorite, heavily iron-stained by the oxidis- 
ing of the bisilicates, or the iron pyrites nearly always present in 
this rock. Although it is difficult to prospect such rock, which 
may be much iron-stained, but indicates no vein whatever in the 
vicinity, nearly all work is done along one wall, and the ore 
appears to follow along one wall, where the rock is not too full 
of fissures that disguise true conditions. It is doubtful, however, 
if more than one wall really exists, although a parallelism of lines 
of fracture may for a short distance seem to prove the contrary. 
Wherever the ore is found to consist almost of pure sulphides, 
it will be found lying along and parallel to such a wall, after 
which ore is disseminated more or less through the enclosing 
rock, often following along small fissures, which in some cases 
form small veins of good ore that run for a considerable distance 
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away from the main deposit. In all the mines, the ground is 
faulted, thus dislocating the ore deposits and stringers, and 
complicating the search. 

Copper ores also occur at Nelson, in the Boundary District, 
around the Kootenay Lake, on Coal Hill, in Copper Creek, near 
Pitt Lake, on Vancouver Island, and elsewhere. 

The ores nearly all carry gold and silver, but the average 
copper contents arc low, and in the Le Roi mine do not exceed 
2h per cent., but the gold value is about £2 to £2 10s. (10 to 12 
dollars) and silver ]| oz. per ton. Other mines are the War 
Eagle, Centre Star, 1 ion Mask, Josic ; and in the Nelson District, 
the Silver King is the leading producer. 

Canada. — The chief centre of production is Sudbury, where 
the ores also carry nickel, and are worked for both copper and 
nickel. They contain about 3 per cent, of copper and 'z\ per 
cent, of nickel. The ore bodies occur in igneous rocks as 
iregular masses, and consist of an aggregate of pyrrhotite and 
chalcopyrite with various nickel minerals. 



(6) Chili. 

Chili was at one time the greatest copper-producer in the 
world, whereas now it takes the fourth place on the list. Its total 
production for 1899 amounted to 25,000 tons from the working 
of a great number of small mines, no less than 3,500 sending 
their ores to Valparaiso, Lota, Coronel, Coquimbo, Chanaral, 
Guyacan, Tocopilla, and other works, where they are smelted 
and whence the product is shipped to Europe. 

The principal copper mines are situated in the provinces of 
Atacama, Antofagasta, Coquimbo, and Aconcagua, and the most 
important mines are those of San Juan and Carrizal near 
Copiapo, la Higuera near Coquimbo, and Tamayo about 65 miles 
from Coquimbo, situated in a mountain district. 

It is almost impossible to give a general idea of the geological 
conditions under which the various ore bodies occur, but in 
Chili, as in most copper-producing countries, the ores are 
carbonates to a depth of about 150 feet, followed by 60 feet or 
more of oxides, and eventually by copper and iron pyrites. 

In the Cordillera district, operations are being facilitated by 
the construction of railways, and, owing to improved prices for 
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copper, no doubt Chili will be able to maintain for many years 
to come its present ratio of production, but it is doubtful whether 
it will ever reach the old figures, as its exportation in 1882 
amounted to about 43,000 tons. 

Some of the mines have reached depths of 1,700 to 1,800 feet, 
which proves that the ores bodies in that country are of a 
permanen't character. The largest proportion of the ore is 
smelted in revcrberatory furnaces. No doubt Chili has felt the 
exhaustion of the rich surface, ores, and whatever copper is 
now produced in those regions comes from the poorer sulphide 
zones. 

(7) Germany. 

Mansfeid. — At Mansfcld, in the Southern Harz Mountains, 
copper ores occur, disseminated through sedimentary beds, in 
which they have been chemically deposited, locally termed 
kupferschiefer, or copper-bearing shale, and in these shales 
mining has been extensively carried on for centuries. The 
metalliferous bed occurs in the Zechstein, a member of the 
Permian formation, which is regarded as the equivalent of the 
magnesian limestone of England. At Mansfeid, the highest 
horizon of the series consists largely of unstratified gypsum, in 
which are numerous cavities, locally called gypsschlotten^ caused 
by the solvent action of water upon sulphate of lime. With the 
gypsum is associated a soft bituminous dolomitic limestone, 
locally known as asche, and beneath this follows a stratified fetid 
limestone, below which is the true Zechstein, giving name to the 
formation. In depth, this passes into a bituminous marly shale, 
the lowest portion of which, seldom above 18 inches in thick- 
ness, constitutes the chief copper-bearing stratum, and extends 
with wonderful regularity for many miles. Of this, sometimes 
only from 4 to 5 inches is sufficientiy rich to pay the cost of 
smelting, the proportion of copper in the ores treated varying 
from 2 to 5 per cent. Under the cupriferous shale, is a 
calcareous sandstone, varying in colour from white to grey 
which is in part a conglomerate. This, in accordance with its 
colour, is called either the white layer, weissliegendes, or grey 
layer, grauliegendes and sometimes contains copper ores. The 
area over which these copper-bearing shales are found has an 
extent of about ipo square mile$, 
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In the slates the ores arc sulphides, but in the underlying 
sandstones carbonates predominate, evidently due to the decom- 
position of the kupferschiefer ores, and their infiltration into the 
sandstone. Formerly only the shaly ores were treated, but now 
the underlying siliceous sandstone deposits are utilised, not only 
for copper, but for their cobalt and nickel contents. In some 
localities the ore is for the most part an argentiferous fahlers, and 
a considerable quantity of silver is obtained in these districts. 

The production of copper in 1898 of the Mansfeld mines 
amounted to about 18,000 tons. 

Rammtlsberg, — Afler Mansfeld, the most important copper 
mine in Germany is the Rammclsbcrg deposit, which occurs as 
a big lenticular mass in Devonian slates. 



(8) Spain and Portugal. 

In the south-western portion of the Sierra Morena is a zone 
of clay slate some 120 miles in length, which courses in a north- 
westerly direction through the province of Huelva, from 
Aznulcollar and Castillo de las Guardas, in Spain, to San 
Domingos in Portugal. 

The age of the enclosing rocks remains doubtful, as some 
geologists believe them Silurian, some Devonian. As a rule they 
are vertical, or nearly so. They enclose enormous deposits of 
cupriferous iron pyrites, and their occurrence throughout this 
whole belt is so very uniform that the description of one mine 
is the history of all of them. Near the ore deposits, and parallel 
to them are dykes of porphyry, syenite, and diabase. The 
deposits of cupriferous pyrites consist of a series of more or less 
continuous lenticular masses, which occur generally at the 
junction of rocks of dissimilar character, and consequently form 
contact deposits. They extend for a great length and range 
from all sizes up to about three-quarters of a mile in length, and 
reach a width of 500 feet. The ore is an intimate mixture of 
iron pyrites with a little copper pyrites. 

At Rio Tinto, there are four lodes, the north, middle, south, 
and valley. The slate, which stands nearly vertical, is altered 
in the immediate vicinity of the deposits, by the action of the 
iron salts resulting from the decomposition of pyrites, and not 
only becomes softer, but also assumes a yellowish-white or 
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reddish-grey tint. Although some rich ore is met with in 
patches, the deposit is of low grade averaging between 3 and 4 
per cent. The length of this deposit is over 2,000 feet, and a 
depth of over 1,000 feet has been reached in the workings. It 
was wrought by the Romans, and some of their old workings 
reached a depth of 300 feet. The Tharsis workings are west of 
Rio Tinto, and the deposits resemble those of the last-named 
locality as to their mode of occurrence. 

In addition to copper, the Rio Tinto and Tharsis pyrites 
contains about ij oz. of silver per ton, together with traces 
of gold, which for many years were not recovered ; but, after 
the introduction of the Claudet process, the precious metals 
were also obtained. 

The Rio Tinto mines produced, in 1898, 1,465,380 tons of ore, 
of which 820,862 were reserved for local treatment, the remainder 
being ore for shipment* The amount of copper produced at the 
mines was 20,426 tons ; the copper in the pyrites shipped was 
13456 tons, making a total of 33,882 tons. 

The average copper-content of the ore was 2*8 5 per cent. 
The reserve heaps, from which the copper is extracted at a very 
low cost, are estimated to contain 114,700 tons of fine copper. 
The shipping ores are an important source of revenue, as 
besides the copper, the sulphur is made available in the pro- 
duction of sulphuric acid, and is being paid for at the rate of 
about $d a unit, which, on 48 per cent, of sulphur, amounts to 
£1 per ton. By the aid of the diamond drill, the ore reserves 
have been estimated at over 130,000,000 tons, and with the 
present annual output of 1,400,000 tons there are still 70 years 
of production in sight at this mine. 

The Tharsis mines comprise six lodes or deposits of the 
same general character as the Rio Tinto, and the workings are 
of great antiquity. The ore is piled in heaps, where it under- 
goes natural oxidation, expedited by intermittent washings with 
water. The copper is precipitated from the leach water on iron 
in creosoted timber sluices. A large quantity of the pyrites 
is exported. The Mason & Barry Company has mines in 
Portugal, and the character of the ore and the percentage of 
copper arc about the same as at Rio Tinto. The copper- 
bearing formation of Spain extends into Portugal, and the three 

* The Mineral Industry y vol. vii., page 217. 
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most important deposits are those of San Domingos, Aljustrel, 
and Grandola. 

[For further particulars concerning the ore deposits of the 
Rio Tinto and adjoining districts, and the working thereof, the 
reader may be referred to the next chapter— on the Copper 
Region of Huelva.] 
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(9) Australia. 

South Australia. — Copper is known to exist throughout the 
Commonwealth, and at one time was extensively mined in 
South Australia, which still glories in the wonderful tales of 
its past copper production. The Kapunda mine, opened up 
in 1842, and the oldest copper mine in South Australia, was 
closed in 1879. In 1845, the Burra Burra mine was discovered, 
but it is exhausted. 

The Wallaroo and Moonta mines were discovered in i860 
and 1 861, and are at present the chief copper producers in South 
Australia. The Wallaroo mine is situated on Yorke Peninsula, 
10 miles north of the Moonta mines. The country rock is 
schistose. The average grade of the ore in 1897 was 15*9 
per cent., and the quantity of copper produced was 5,073 tons. 
The Moonta mine is also situated on the Yorke Peninsula. 
The deepest shaft is down 2,400 feet. The cost of producing 
copper is £48 per ton. 

New South Wales. — This colony is spoken of as a great 
copper producer, although there is only one large ore deposit, 
which furnishes the bulk of the supply, and this is the Great 
Cobar mine. From the date of the commencement of operations 
in 1876 to 1892, there were treated from this mine 213,182 tons 
of ore, giving a return of 23,611 tons of refined metal — an 
average production of 1 1 07 per cent, of copper per ton of ore. 
After lying idle for some time, the mine was let on a 10 years' 
lease to tributers on a 10 per cent, royalty, with the result that 
there are now five water-jacket cupola furnaces in operation, 
smelting 500 to 600 tons of ore daily, the tributers having wisely 
discarded the old reverberatory-smelting methods. 

Queensland. — Cupriferous deposits abound in Queensland ; 
Peak Downs and Mount Perry acquired great celebrity, but 
were ultimately abandoned. In northern Queensland, copper 
is found throughout the Cloncurry district, in the upper basin 
of the Star River and the Herberton district. The returns from 
the copper fields in this colony are, at present, small, owing to the 
lack of suitable fuel for smelting purposes, which renders the 
economic treatment of the ore difficult ; and the development of 
the mines is greatly retarded by the want of easy and cheaper 
communication with the coast ; but it is expected that these 
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disabilities will be overcome at no distant date, and a revival of 
the industry is hoped for. In this connection should be men- 
tioned the Chillagoc copper mines ; and a railway, to connect 
the mines with the sea coast, will start from Bedford. The ore 
deposits occur in limestone, and arc said to bear some resemblance 
to those of Arizona. 

Western Australia. — Copper deposits have been worked for 
some years, rich lodes of the metal having been found in the 
Northampton, Murchison, and Champion Bay districts, and also 
in the country to the south of these districts, on the Irwin river. 

Victoria. — Copper-mining has not attained any great pro- 
portions in Victoria, although deposits have been found in 
several parts of the State, particularly in the Bcechworth 
district, where they have been traced over an area of some 
fifty square miles. 

Copper is sometimes found in the Australasian mines in a 
virgin .'-tate, and beautiful specimens of the pure metal have 
been exhibited at different times, but it occurs generally in the 
form of oxidised copper ores, carbonates, sulphates, phosphates, 
and silicates of copper. Copper sulphides and arsenides of 
copper are generally found in deep sinking. The metal has also 
been found associated with tin, in the form of stannine. 

Tasmania. — The Mount Lyell mine and adjacent mines 
in Tasmania have been recently described (as follows) by 
Mr. Herbert I. Daily, in a paper read (December 19th, 1900) 
before the Institution of Mining and Metallurgy. 

The location of the deposit is on the eastern slope of the 
southernmost spur which proceeds from the peaks of Mount 
Lyell on the west coast of Tasmania. Although the mountain 
ranges and valleys of the west coast area are heavily timbered 
and clothed with dense undergrowth, yet little or no soil covers 
the surface. The Silurian bed rock is overlaid by about 12 to 
18 inches of white quartz "wash," on the lop of which lies a 
covering of boggy peat of a corresponding thickness. The 
annual rainfall averages 100 inches a year which will give an 
idea of the inclemency of the weather. 

The belt of the country in which the chief copper deposits 
have been located lies at the contact of a series of schist rocks 
and conglomerates with alternating quartzitcs. The whole 
region belongs to the Silurian period. The contact of the 
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rocks mentioned is somewhat faulted in places ; and at the 
line of division an outcropping band of hematite is noticeable. 
The Silicious schist rocks of blue, grey, and green coloration 
which occupy the western side of the belt are micaceous and 
chloritic. Bands of hydromica schists are also common. The 
stratification of these schists has a general strike of N.W. and 
S.E. ; with a south-westerly underlie of 75° on the western side 
of the copper belt ; but at its northern end the schists are 
twisted almost at right angles to this strike, their lines of 
cleavage having a cardinal bearing of N. 67 E., and a general 
north-westerly dip of 6o°. These schists are highly mineralised, 
and numerous impregnations of copper pyrites have been 
located, but principally confined to the grey schists ; whereas 
the blue and green bands, although highly mineralised and 
cupriferous, are not productive of pay ore. 

The conglomerate rocks which occupy the eastern side of 
the copper belt are non-metalliferous. The sedimentary rock 
consists of massive concreted pebbles of quartzite, with occasional 
particles of schist— veritable pudding stone. In the beds of the 
• creeks which trend from the eastern slope of the copper belt, 
native copper and alluvial gold are found, both in the recent 
alluvial gravels and the clay pug deposits. The matrix of these 
metals in the alluvial gravel and pugs is evidently the known 
and now uncovered copper deposits. 

The three important ore bodies of the field are those of the 
Mount Lyell, and North Mount Lyell, and the Lyell Tharsis 
mines. These principal copper deposits occupy the zone of 
contact between the conglomerates and the highly tilted schists. 
They are all lenticular, and although the major axis of the 
deposits is parallel to the strike of the line of contact, yet no 
lengthy contiguity of pay ore can be traced, and great stretches 
on the contact remain uproductive. 

A remarkable feature about the principal ore bodies of the 
belt is their total dissimilarity in character, both as regards 
the value of the ore and classification of the deposit. 

The Mount Lyell deposit is a massive body of iron pyrites 
singularly free from gangue ; and carrying copper, gold, and 
silver. The Lyell Tharsis deposit, which is situated about one 
mile north of the Mount Lyell mine, is an impregnation. Here 
the country rock, which is micaceous and chloritic schist, 
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contains the ore in two distinct bands, the copper being in the 
form of bornite and chalcopyritc. 

In the North Mount Lyell mine several ore bodies have 

been located, the chief of which is a bonanza deposit of bornite ore. 

Several other copper deposits have been discovered at 

Mount Lycll, the principal being in the areas of the Mount 

Lyell blocks. 

ThL- total quantity of ore treated to March 31st, 1900, was 
at the Mount Lycll 610,659 tons: — 

Average assay value of copper 3-52 per cent. 
„ ,, .. ., silver 3'4? ounces. 

1, „ „ ,, gold 0-127 

The working cost of producing blister copper from the ore 
is as follows ; per ton of ore : — 

£ * d. 

Mining 02 11.76 

Removal of overburden .02 o\xi 

Smelting 015 1070 

Converting . . .02 2-30 

£' 3 076 



The total quantity of copper matte produced at the works to 

March 30th, I900, was 40,62; 

The quantity of blister copper produced .... 29.597 
Of an average assay value of 98 S 1 per cent, copper. 

95-580*. silver. 

„ „ „ .. 3'S8 oz. gold. 

(10) Cape Colony. 

The only productive mines are located in Namaqualand, 
where operations commenced in 1852, the Cape Copper and 
Namaqua Copper companies having been successful in opening 
payable ore bodies. A narrow-gauge railway, 91 miles long, 
connects the mines with Port Nolloth, on the sea coast, 300 miles 
north of Cape Town. 

Copper is made at the works of the Cape Copper Company 
by the direct method of Messrs. James and Nkholls .• 

* " The Direct Method Considered as the Future Metallurgical Treatment 
of Copper Ores, Argentiferous or otherwise," by Christopher James. Trans- 
actions of the Institution of Mining and Metallurgy, 1896, vol. v. p. 2. 
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There are good copper prospects in the Transvaal, in the 
north-eastern portion of the Murchison range in the vicinity of 
Palabara, but owing to the lack of railway facilities they are not 
exploited. 

(11) Russia. 

Copper * is found in the Ural and the Altai Mountains, also 
in the Caucasus, Finland, and in the Kirghese steppes. 

In the district of Nijne-Tagilsk is a copper-bearing meta- 
morphic schist, enclosed in limestone belonging to the Upper 
Silurian formation, and in these schists occurs the celebrated 
cupriferous mass of Miednoroudiansk. In 1836 a block of 
malachite was found in this locality, weighing 330 tons. 

The bedded deposits of the western slope of the Ural belong 
to two different formations, the Permian and the Triassic. The 
principal centres of production are Bogolovsky and Polfsk, and 
the Kiadebek mine is the largest producer. 

(12) Miscellaneous Deposits. 

No details have been published relating to the copper deposits 
in Japan. 

In Sweden and Norway, the production of copper arises from 
the operations of the Roros, Sulitelma, and Falun mines. 

Italian ores are derived from three sources : Monte Catini, 
Mossetana, and Baccheggiano. 

The opening up of ore deposits in the Cerro de Pasco district 
has placed Peru again on the list of copper-producing countries. 
Among small producers are Bolivia, Austria- Hungary, New- 
foundland, and the United Kingdom. 

* "A Treatise on Ore Deposits," by Mr. J. Arthur Phillips, 1884. 



CHAPTER IV. 



THE COPPER REGION- OF HUELVA. 



Description of the Mineral Deposits.* The mineral de- 
posits of the province of Huelva are comprised in the East 
and West zone, which extends from San Domingos to Seville, 
and is about 20 kilometres wide, and in which is also the 
porphyry belt. They are indicated in the plan given in fig. 2. 

In the Northern Zone arc the following deposits : — - 



San Domingos. 
El Carpto. 
La Zaza. 
San Miguel. 
Chaparrito. 
El Castillo de las 
Guardias. 



Huerta de la Komanero. Gloriosa. 

San Telmo. Poyatos. 

Cueva de la Mara. Aguas Tcnidas. 

La Conception. La Poderosa. 

La Penna, Rio Tinto. 

Sotiel. La Joya. 



It the Southern Zone are the following deposits :— 
Th arsis. Et Gutto. 



La Corona da. 
Buitron. 



Las Herrerias 



In the Western Zone the formation extends into Portugal 
through the hills of Caveira, about g kilometres from the village 
of Grandola, near the bay of Setubal. 

In the Eastern Zone are found the workings of Cerro 
Muriano and of Barrancanes near Sevilla. 

All these deposits present the same characteristics, namely, 

* For this description and the accompanying illustrations (in which the 
French terminology is preserved ), I am indebted to M, de Launey's " Memoire 
sur l'lndustrie du Cuivre dans la Region d'Huelva" (An/tales des Mines, 
tome xvi : Vve. Ch. Dunod, Paris, 1889 )—M. E. 
5° 







lenticular masses parallel with the layers of slate, which is also 
the strike of the veins in the porphyry. It is probable that the 
three phenomena — 

1. The folding of the slates ; 

2. The eruption of the porphyry ; 

3. The metalliferous formation — 
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are in close relation with one another, and represent the three 
successive phases of one action. Only a few of the deposits 
will be described. 

The San Domingos Deposit is located in Portugal, close 







Fig. 4. — Plan of the San Dohingos Deposit. 

to the Spanish frontier, and is exploited for a length of 500 
metres, and for a width of 60 metres ; its strike is parallel with 
the slates, and the ore body is perfectly vertical, see Fig. 3. 
The plan, Fig. 4, shows the rocks which are in contact 
with the deposit. 




Fig. 5.— Plak 



the Lagunazo L> Eros it. 



To the north the very regular Silurian schists extend for 
several kilometres in length, to the south in immediate contact 
with the deposit is the Diabase, F, then come the schists, E, and 
several hundred metres beyond are the granitic rocks, P. 
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The deposit is composed principally of iron pyrites, con- 
taining in small proportions copper, lead, and zinc sulphides. 
Here and there are horses of schist, which have conserved their 
structure, but contain numerous veins of quartz. The enormous 
mass of ore is very homogeneous, and does not show any local 




n-Casi Workings a 



enrichment or impoverishment. The ore body, principally 
composed of iron pyrites, contains I to 4 per cent, of copper, 
disseminated throughout the whole mass. 

2. The Lagunazo Deposit, see Figs. 5 and 6, is com- 
posed of two lenses, following one another along the strike 
of the schists. The one to the west is from 35 to 150 meters 




■ *"" 



Fie. J.— Plum op the Tharsjs Deposit. 

wide, and is exploited by open-cast workings, and the other 
to the cast is prospected by means of underground drifts. The 
inclination of the ore bodies is to the north, which is also the 
inclination of the schist rocks in this whole region. 

The whole surrounding country is traversed by numerous 
cupriferous veins 8 to 10 centimetres in thickness, which show 
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themselves on the surface by some oxidised copper ores enclosed 
in quartz. As far as Tharsis, which is only 5 kilometres distant, 
these traces of mineral veins are nearly continuous. 

By examining the workings, it will be seen that the hanging 
wall on the north is composed of white decomposed schists, but 
to the south the schists are intact. The deposit, like all the 
others, is covered with an iron hat 20 to 30 metres thick. The 
mineral, like that at San Domingos, contains 3 per cent, copper, 
Small veinlets of rich black copper occur in the mass, and this 
ore was followed by small drives in the ancient Roman workings. 

The Tharsis Deposits are composed of four lenses in two 
series (Fig. 7). The northern one embraces the Criadero de la 
Sierra Buillones mine, and the Filon del Norte. To the south 
is the Filon del Medio, and Le Criadero del Sur. 

The Filon del Norte is exploited for a length of 600 metres, 




Nori 
Fig. 8.— NoRrH and South Section of the Rio Tinto Mines. 

and the greatest width was 140 metres. The Criadero de la 
Sierra is over 500 metres long, and has a maximum width of 
over 100 metres. The Filon del Medio is about 400 metres 
long. 

The Rio Tinto Deposit. The transverse section, Fig. 8, 
represents the formation of the whole region. To the north 
are the clay slates (2) of la Dehesa ; then going south is the 
porphyry formation (3) ; then the pyrite ore formation (4'), called 
Filon Norte ; another mass of porphyry (3') ; and then another 
pyrite ore formation called Filon de San Dionisio (4) ; then the 
carboniferous schists (2) ; and then another mass of porphyry 
(3 // ). A ferruginous deposit is indicated above the Cerro de las 
Vaccas, and de la Mesa de los Pinos ; which is in the form of a 
horizontal layer 3 to 4 metres thick, and composed of a rich 
hematite ore which is exploited as an iron mine. 

In regard to the ore deposits, 4 and 4', designated as the 
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San Dionisio and del Norte mines, the former is shown in 
transverse section in Fig. g. 

Fig. 10 gives the plan of the open-cast workings, showing 
the different levels. 

The inclination of the ore body is to the south, and the open- 
cast workings have reached a depth of about 150 metres, and 
bore-holes have followed ore to a depth of 80 metres. The 
dimensions of the ore body show a length of 550 metres by a 
width of 100 to 120 metres. 

The north wall of the deposit is difficult to classify, owing 
to the metamorphism of the rocks, and the iron capping which 
covers the same. In immediate contact with the ore is usually 
a quartzose and pyritous rock, which is often kaolinised. This 
is an excellent flux in the smelting operation, owing to its 
silica contents, and the small quantity of metal it carries. This 



Fig. 9. —Section 




rock is traversed by veinlets of quartz which must have originated 
during the formation of the ore body. 

The south wall is formed of schists, which have only been 
slightly altered by the sulphurous waters. 

The ore body presents itself in the shape of an irregular 
mass, composed exclusively of pyrites without any quartz or 
schist rocks, showing no regular direction of crystallisation, or 
signs of concretion on the wall rocks. The same is composed 
of iron pyrites with some copper, zinc, and lead sulphides, 
traversed by small veins 10 to 20 centimetres wide of black 
copper and chalcopyrite, and covered like all the ore bodies in 
this country by an iron capping twenty metres thick. The San 
Dionisio ore body is cut off to the east abruptly, but to the west 
the same extends as a narrow vein for a considerable distance. 

The Filon del Norte is exploited in certain points for a 
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width of 400 metres, on an average 150 metres, and for a length 
of over 2,000 metres. The country between the two ore bodies 




has been prospected by means of a cross cut, and the c 
rocks arc impregnated for the whole distance by pyrites. 



General Characteristics of the Huelva Deposits.— " The 

great pyritc deposits of Rio Tinlo, Tharsis, etc., in the Huelva 
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provinces of Southern Spain," recent reports say, "are enor- 
mous bodies covered with a gossan which extends down to 
a depth of 130 to 150 feet, and consist mainly of iron oxide, 
with 50 to 55 per cent, iron, a little sulphur and arsenic, and 
only a trace of copper. Between this and the solid pyrite below 
is a very regularly distributed zone of earthy, porous material, 
from a few inches to a foot in thickness, carrying an average 
value of £y in gold and silver. These values have evidently 
been brought down in solution by ferric sulphate, which, in 
contact with the underlying pyrite, has been reduced to ferrous 
sulphate, with precipitation of the gold and silver. It is in the 
pyrite mass below the 'iron hat' that the copper values are 
found, and these gradually decrease with depth, from 4 to 5 per 
cent, in the upper 100 to 200 feet, to \\ per cent, at the depth 
of" 900 feet, varying somewhat with local conditions. The 
present iron gossan at a remote geological period was also a 
massive copper and iron sulphide-ore body, and during its 
oxidation the original copper contents were leached down and 
reprecipitated in the more recent fractures and clefts in the 
pyrite mass, thus enriching the upper part ; and this accounts 
for the presence in veinlets and streaks of such minerals as 
copper glance, bornite, chalcopyrite, accompanied occasionally 
with galena, zinc blende, grey copper in quartz, and these 
minerals are without doubt of a secondary formation. 

" At times these clefts are so large that they can be separately 
mined ; thus, the old Roman mining was done chiefly on these 
richer clefts within the poorer mass of pyrite. Most commonly, 
however, they are quite small, and constitute a strongly branching 
network in the normal pyrite mass ; and that the copper content 
of these secondary minerals is derived from the weathered, 
superficial mass is shown quite simply in the fact that these 
veins are most common in the zone immediately under the 
'iron hat.' They extend downward something like a hundred 
metres or more, and then commences the solid pyrite mass, 
little fissured and comparatively barren in copper." 



PART II. 

METHODS OF HYDRO-METALLURGICAL 

TREATMENT OF COPPER. 
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CHAPTER V.. 

APPLICABILIT Y OF THE H YDRO-METALL URGICAL 

TREATMENT OF COPPER. 

The smelting process, or "dry" method, is employed for the 
treatment of ores when they carry a high percentage of copper ; 
the lower grades are smelted to advantage after a preliminary 
concentration, and if the gangue is of such a character that it 
will form easily fusible slags in the furnace. This is the case 
with quartzose ores, carrying a large amount of iron pyrites, 
which after roasting furnish the necessary iron oxides for fluxing 
purposes. The rapid progress in analytic chemistry has been 
the means of devising proper methods for the " wet " treatment 
of poorer ores and by-products, by means of solutions which 
extract the copper. Under favourable conditions, ores which 
contain only from \ to I per cent, of copper are treated by 
these methods, especially when their treatment is in connection 
with some other industries, such as the manufacture of sulphuric 
acid ; or if the by-product (in the shape of residues) can be 
utilised in iron smelting works ; and especially if the ores are 
rich enough in sulphur, in which case every unit is being paid 
for outside of their copper values. 

Not every low-grade copper ore is found adapted to hydro- 
metallurgical treatment, owing to impurities which interfere 
with the chemical reactions. Such would be the case with 
the ores containing considerable quantities of lime, magnesia, 
ferrous oxide, manganese. Their preparation to make them 
adaptable to the lixiviation process would require the addition 
of considerable quantities of chemical ingredients, rendering its 
carrying out too costly ; and even if lixiviation was successful, 

the subsequent precipitation would become difficult, owing to 

61 
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the impure cement copper which would result, causing additional 
work and expense during the refining operations. 

The ores which are adapted for this treatment are poor 
oxides and sulphides in a quartz gangue ; whereas ores having a 
gangue containing ingredients soluble in acids or other solvents, 
are not adaptable to this method. Often rich by-products, 
matte, black copper, are treated by the wet process, as well as 
ore heaps which have undergone decomposition by atmospheric 
agencies, and the mine waters which flow from copper mines. 

To make the copper soluble, certain preparatory operations 
have to be first carried out before the same can be dissolved in 
water, acid, or other solvents. 

First of all, the operations will be considered which are carried 
out in the wet extraction of copper, and the chemical principles 
will be examined which produce the reactions in the various pro- 
cesses which have evolved in the course of time. Then will be 
passed in review the practical operations as they are carried out 
at various works, the cost of producing copper by these methods 
being given where attainable ; and it is noteworthy that at the 
Rio Tinto mines, one of the world's great copper producers, the 
metal is being produced at a lower cost than elsewhere. 

The granules of copper matte, black copper, and metallic 
copper are also treated by wet methods, which usually have for 
an object the production of blue vitriol and the separation of 
the precious metals. 

The wet processes for the treatment of ores are employed for 
i. Ores which contain the copper as oxides or carbonates. 

2. Ores which contain the copper as a sulphate. 

3. Ores which contain the copper as a sulphide. 

1. The copper oxides do not occur in nature in sufficient 
quantities to form by themselves a special subject of treatment, 
but are usually found in association with carbonates. 

2. Soluble sulphates do not occur in large quantities in the 
ores, but ore heaps when exposed to atmospheric agencies 
decompose, and sulphates are formed which can be leached 
out. Cupriferous iron pyrites become converted, on exposure 
to air, into soluble sulphates ; the iron pyrites are converted into 
ferrous sulphates, which on further oxidation produce free 
sulphuric acid and basic iron salts. By the action of free 
sulphuric acid on subsulphide of copper, copper vitriol is formed. 
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3. When sulphides are present and they arc roasted 
furnaces, the copper is rapidly converted into a soluble condi- 
tion. This roasting is either oxidising or chloridising. Sulphide 
ores are converted into sulphates, oxides, or chlorides. The 
sulphate is soluble in water, the oxide in hydrochloric acid, 
sulphuric acid, and chlorine compounds ; the cupric chloride in 
water, the cupreous chloride in hydrochloric acid and solutions 
of chlorine compounds. 

a. Conversion of the Sulphides into Sulphates. This 
operation is effected as follows : — 

a. The natural decomposition of tlie ores by exposing them 
to atmospheric agencies. This is employed when the ores are 
easily decomposed into cupreous and ferrous sulphates. By 
repeatedly leaching the ores and saturating them with a brine 
containing ferrous sulphates (which is obtained after the pre- 
cipitation of the copper), their decomposition is facilitated, as 
the same exerts a decomposing influence on the copper sulphides. 
It takes a number of years to convert all the copper contents 
into sulphates, and even then the extraction is not perfect. 

6. The slow roasting of the ores. The conversion of sulphides 
into sulphates by slow roasting is employed with ores which 
contain a very large per centage of iron pyrites, and a small 
quantity of copper sulphides. The roasting is carried out in 
heaps, when a portion of the copper sulphides will remain in 
an undecomposed condition and a portion will be converted 
into copper oxides. 

c. The roasting of the ores with ferrous sulphate or other 
easily decomposing sulphates is generally carried out by mixing 
pulverised copper-bearing pyrites with ferrous sulphate, and 
roasting the mixture ; which converts the largest proportion of 
the copper into sulphates. This roasting is generally carried 
out in heaps, seldom in furnaces. 

I). Conversion of the Sulphides into Cupreous and Cupric 
Chlorides. This can be effected by either the wet or the dry 



:d, they are treated with 
ferric chlorides, or with ferrous chlorides and hydrochloric acid. 
By saturating the ores with sodium chloride or calcium chloride 
the decomposition is facilitated. 

b. By roasting the ores with sodium chloride. The wet 
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method requires plenty of time ; whereas the dry chlorination 
by roasting is quickly effected, and gives a higher extraction. 
The wet process is only employed, when the expense of roasting 
is too high owing to cost of fuel, and when the roast gases are 
noxious to the surroundings and cannot be discharged into the 
atmosphere. 

It also happens that ores contain impurities, which arc 
soluble in the solvents — such, for instance, would be the case 
with calcareous ores — when it will be necessary to burn them 
in a kiln, so as to produce caustic lime, which can be washed 
away without causing a great loss of metal. 

The solution of the ores takes place : 

1. By means of water. 

2. By dilute sulphuric or hydrochloric acid. 

3. By brines containing iron sulphate. 

4. By brines containing ferrous and ferric chlorides. 

5. By leaching oxides or roasted ores with a solution of 

ferrous chloride and sodium chloride. 

1. The solution with water can only be seldom applied, as 
the copper cannot all be converted into a soluble condition, 
and consequently heavy losses of copper take place. Very often 
copper is contained as a sulphate in mine waters, from which it 
is precipitated, on being pumped from the mine in long sluices, 
by means of scrap iron. 

2. Sulphuric and hydrochloric acids act with great energy, 
but resort to their use depends on their cost. Sulphuric acid 
has the advantage that it dissolves the copper oxides produced 
during roasting with great facility ; whereas the iron oxides are 
more easily attacked by hydrochloric acid. By using sulphuric 
acid as a solvent, iron vitriol is obtained as a by-product, and 
this acid is naturally employed when the copper has to be 
converted into soluble copper sulphate. Cupric oxide, carbonate, 
and also arsenate of copper are easily dissolved in this acid. 
The lixiviation of the ores should be continuous, and the plants 
should be so arranged that the solutions flow from one vat to 
another, which enriches them, and the wash waters should be 
employed for leaching fresh quantities of ore. 

Hydrochloric acid does not form basic salts in such quantities 
as sulphuric acid. The iron sulphates in solution decompose in 
the presence of air into basic iron sulphate and free sulphuric 
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acid ; consequently when hydrochloric acid is employed, a brine 
is produced which does not contain free acid, and therefore 
the precipitation of the copper does not require so much metallic 
iron as do the sulphate solutions. 

3. Brines containing iron sulphates are employed in lieu of 
sulphuric acid, and they act through the free acid which they 
contain. The iron sulphate, by being converted into basic 
ferrous sulphate, gradually changes metallic copper, its oxides, 
and also its sulphides, into cupreous sulphates. Ferrous sulphate 
also dissolves cupric oxide with separation of basic ferric oxide. 

4. Ferric chloride, or solutions containing ferrous chloride, 
are produced by the precipitation of copper dissolved in 
hydrochloric acid by means of iron, or similar salts contained 
in solutions. Cupreous oxide, cupric oxide, copper carbonate, 
and metallic copper are easily dissolved in ferric chloride, the 
first three with separation of iron oxide, the last with reduction 
of ferrous chloride. The ferrous chloride becomes oxidised to 
ferric chloride with separation of iron oxide : — 

6FeCl + 30 = 2Fe 2 Cl s + Fe 2 O s . 

5. The leaching of oxide or roasted ores with a solution of 
ferrous cldoride and sodium chloride was introduced for the 
first time by G. Ferentschik, at Stefanshiitte in Hungary, in 
1869, and has been improved by Sterry Hunt and Douglas, in 
the United States. The process is based on the following 
reaction : — Neutral ferrous chloride converts copper oxide, with 
separation of iron oxide, into cupreous and cupric chlorides, 
the cupreous chloride being easily soluble in hot solutions of 
sodium chloride. The copper can be completely dissolved in 
this manner, with separation of iron oxide, and can also be 
completely precipitated. 

The reaction of ferrous chloride on cupreous and cupric 
oxide is as follows: — 

3C11O + 2FeCl = Cu a Cl + CuCl + Fe^ 
3Cu 2 + 2FeCl = 2Cu 2 Ci + 2C11 + Fe 2 O s - 

The second reaction shows that in the presence of cupreous 
oxide a part of the copper is separated in a metallic condition, 
which is dissolved in the cupric chloride, reducing the same to 
cupreous chloride. 



CHAPTER VI. 

THE PRODUCTION OF COPPER FROM SULPHATES. 

IT was in the year 1752 that the first cement copper was produced 
in the Rio Tinto Mines, in Spain," from ore heaps which had 
undergone a natural decomposition by atmospheric influences, 
and which had been leached out by water and the copper 
precipitated on iron. The process met with a strong opposition 
from the then General Superintendent of the " Hacienda Real," 
Don Pedro de Lerina, who stated that the cement copper 
obtained was nothing more or less than iron coated with copper, 
and that this falsification would do a great deal of harm to the 
Spanish copper trade. After a long scries of experiments by 
some celebrated chemists at Madrid, it was shown that the 
Don had made a mistake, but it took a long time before the 
lixiviation process was looked upon with favour. 

Theoretically it appears as if this process is a very simple 
one, but in practice it is found that the problem is not easily 
carried out ; and it was only after a long series of experiments 
that the system was perfected. The first method which was used 
was that of natural cementation of the ores, by exposing them 
to atmospheric influences and washing out the soluble salts. 
Then came the artificial cementation, by which the ores were 
heap roasted and then lixiviated. In the third period of the 
history of these famous mines, the rich ores were smelted and the 
poor ones were lixiviated. These processes are still carried out, 
to this date, with the exception that heap roasting is abandoned. 

The Natural Cementation consists simply in watering the 
heaps of ore, so as to dissolve the copper and silver which are 

* "Annates cles Mines : Momoire sur llnduslrie du Cuivre dans la Region 
d' Huclva," M. L. de Launay. Paris, Vve. Ch. Dunod, £diteur, 1889. 
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present as sulphates, and then precipitating the copper by means 
of iron. 

The mineral is broken to the size of a fist, and then piled up 
in a large open space, where it is left for about ten years. These 
piles, according to the slope of the ground, have a depth of 
from 5 to 12 metres, and at regular intervals there are channels 
left to permit the draining of the water. Vertical chimneys 
are built with bricks, which communicate with the longitudinal 
channels, and in these the temperature is frequently taken by 
means of thermometers tied to strings. 

These ore heaps contain several million tons of ore, and 
on their surface are laid a series of pipes with spigots, by 
means of which they are wetted down at regular intervals 
during a number of years. The water circulating in the heaps 
becomes gradually charged with the soluble sulphates, and 
collects in sluices which surround the heaps. They contain 
on an average 2*8 per cent, copper, and when their contents 
are reduced to about \ per cent, the residues are shipped to 
England, France, Germany, or the United States, where the 
sulphur in them is employed for the manufacture of sulphuric 
acid, and the resulting; residues, known as, purple ore or 
blue billy, go to iron smelteries. In this operation, which 
is very simple, the temperature of the ore heaps has to be 
carefully regulated. If the same is too low, the copper does 
not dissolve ; if too high, steam is generated in the heap and 
access of air prevented, and the oxidation of the copper is 
retarded. The heaps ought to be maintained at an average 
temperature of 100 Fahr. 

The lixiviation should be carried out in such a manner, as 
to dissolve the maximum quantity of copper with the minimum 
quantity of water ; and to effect this it is necessary that the 
water should remain in contact with the ore for a certain length 
of time, so as to allow the oxygen of the air to penetrate the 
wet pyrites and accomplish their sulphatisation. For this 
purpose the brine which flows from the heaps is frequently 
analysed, and if the same is found not to be rich enough in 
copper, fresh water is not added on the heaps till after the 
lapse of a month or two. 

The amount of water consumed by these operations being 
very large, special reservoirs have had to be constructed. 



68 



HVDKO-MF.TALLl'KCY 01- COITER. 



Precipitation by Means of Iron. The brines or cement 
waters are conducted by means of sluices to the precipitating 
basins, which at San Domingos consist of ten rows, each row 
consists of 24 basins, which have a square section of 4 metres 
by 4 metres. These basins arc coated with asphalt, so that the 
bricks shall not be attacked, and in these are piled up regularly 
the pigs of iron. The copper which precipitates on the iron is 
called "cascara." After a month, the flow is stopped in one of 
these basins and the cascara is scraped off from the pigs, and 
if necessary the iron consumed is replaced by fresh pigs. 

To obtain good results in this operation it is necessary to 
regulate the flow in these basins to a nicety, so that the cascara 
be obtained as pure as possible, and also that as small a quantity 
of iron as possible should be consumed. 

The cascara which is obtained contains 65 per cent, of copper, 
and the consumption of iron is said to be over two tons to one ton 
of copper, whereas theoretically the consumption should be 0*86 
of a ton. The loss of iron is caused by the presence of a certain 
quantity of ferrous sulphate in the liquors, which the pig iron 
reduces to ferric sulphate, and also by the precipitation of a 
certain quantity of iron oxide with the cascara. 

The cascara is dried, sometimes in reverberatoiy furnaces, 
and packed in sacks holding 45 kilograms each. 

When the solutions contain a considerable quantity of iron 
oxide salts, the consumption of iron increases in precipitation as 
FejOj + Fc = 3FeO, and also when solutions of neutral ferric 
salts remain for a considerable time in contact with the atmo- 
sphere, basic salts separate and acid is set free, which requires 
a certain quantity of iron for its saturation : — 
4FeS0, + 20 = Fe,3SO s + 3SCV 



and with chloride; 



6FeCi, + 30= 2Ve. J Q\ 1 + Fcfl,. 



The Artificial Cementation formerly carried out at Rio Tinto 
consisted in the roasting of the ore heaps (called teleras) ; 
their lixiviation in vats ; the precipitation by iron ; the collect- 
ing of the precipitate ; and the treatment of the residues in 
terreros. 
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The teleras contain from 200 to 1500 tons, and average 
from 1 J to 2 per cent, copper. The small heaps burn two 
months, the large ones six months. The small heaps require 
for 100 tons of ore 076 cubic metre of wood, and the larger 
ones consume 0*26 cubic metre per 100 tons. The extraction 
from small heaps is better than from the large ones. 

The leaching is carried out in vats which are constructed of 
cement ; they are 100 feet long, 34 feet wide, and 5 feet deep. 
The false bottoms are made of square timber, and the solutions 
are drained into large settling tanks or masonry reservoirs. The 
leaching is commenced by covering the ore with water and 
letting it remain in contact from two to six hours ; after draining 
off the solution, fresh water is pumped on the ore, which remains 
in contact from eight to ten hours. The number of washings 
which are applied in this manner vary from five to six, and 
together they remain in contact with the ore for about fifty 
hours ; in the solutions the copper is present as a sulphate, 
each cubic metre of solution contains from 5 to 6 kilograms 
of copper. 

The leached-out residues still assay 0*4 to 05 per cent, of 
copper, and to regain this copper, which is mostly present as a 
sulphide, they are submitted to a further decomposition, by 
building up large heaps at the lower works called " Terreros," 
which are traversed by a system of canals built of dry masonry, 
and these are connected with a system of vertical chimneys 
about 8 inches in diameter, also built of dry masonry, which 
establish a free circulation of air. As soon as these damp 
residue heaps have reached a certain height, the decomposition 
of the sulphides begins, causing an elevation of temperature. 
Care is taken to prevent the firing of the heap, by properly 
regulating the admission of. air into the canals. 

From time to time these heaps are leached out in place 
and the solutions treated after the manner described above 
under Natural Cementation. At the present time upwards of 
7,000,000 tons are under treatment in terreros. The cement 
copper obtained is washed and concentrated in buddies and 
classified according to the percentage of copper and arsenic ; 
the higher grades being shipped to England and run down 
with mattes, while the low grades are smelted at the mines 
with the first-class ores. 
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Costs at Rio Tinto. The cost of producing copper by 
sulphatisation is as follows : — 









francs 


francs. 


Cost of Mining : - 


-Labour .... 


per ton 


1*3600 






Explosives .... 


•t 


0*2750 






Tools of all kinds 


l» 


0*2900 






Animal traction . 


• 1 


0*2820 






General expenses 


M 


09350 






Removal of waste rock 


»» 


08750 






Total 


It 




4*0170 






Cost of Roasting : — 


- Combustibles 


!» 


02500 






Building up of ore heaps 


II 


04250 






Transport of mineral calcines 


il 


0*1250 






Maintenance of tools . 


II 


OOI25 






Salaries of officials 


II 


OO750 






Stores .... 


II 


0*0150 






Total 


II 




0*9025 






Cost of Cementation :- 


—Iron consumed 
Charging and discharging 


II 


1*8700 






the cement copper 


!• 


0*5100 






Sundries .... 


II 


04500 






Total 


II 




2*8300 








Total cost per ton of ore treated 


77495 



Mr. Cumenge, in his Notes on Rio Tinto, gives the following 
details as to the cost of producing copper at these mines : — 



Cost of Roasting : — 



Cost of Cementation : — ( 







francs. 


francs. 


Discharging and spalling ore. 


per ton 


0*I475 




Building up the Teleras 


i* 


04450 




Fuel for roasting 


i» 


0*1500 




Supervision 


M 


0*0150 




Tools of all kinds 


i» 


0*0250 




Maintenance of tools and 








shops .... 


•1 


O'lOOO 




Total 


n 




08825 




Cost of lixiviation 


•• 


0*5300 




Pumping of water 35 m. high 


»• 


0*0900 




Discharging the basins 


»» 


0*2525 




Cleaning the pigs of iron 


i* 


0.2125 




Salaries of officials 


11 


0*2050 




Total 


»» 




1*2900 


X Ulul 




Mining cost per ton he takes only • 


It 


I '9230 


Total cost per ton of ore treated 


4-0955 
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As it takes 66 tons of ore to make one ton of copper, at the 
end of the year the above amount of 4*0975 must be multiplied 
by 66, which would bring the price per ton of copper as 
follows : — 



66 tons of mineral per ton of copper at frs. 40975 

Drying of the cascara and sacking same 

Supervision of the basins 

General expenses in all the departments 

Pig-iron for precipitation 

Sundries 



francs. 

270-435 
9*670 

4945 
30- 1 80 

397'675 
12097 



Total 725 per ton 



By the processes now in vogue at these mines, it takes from 
two to two and a half years to extract about 80 per cent, of the 
copper value from ores containing 270 per cent. During the 
first four months about 50 per cent, of the value is extracted. 

Ores yielding only 1 J per cent have been treated at a profit 
in Rio Tinto, and may be considered of even great value at 
the present price of copper, which, if taken only at £50, or 
1250 francs, per ton, would be equal to r25 franc the kilogram ; 
and consequently i£ percent, ore yields 15 kilograms per ton, 
having a value of 1875 francs, which leaves the very handsome 
margin of profit as follows : — 

francs. 
By taking the value of the copper in ai| per cent, ore as 

above at 1875 

And the cost of treating and obtaining the copper in this ton 

as above at 774 

It leaves a margin of profit per ton of ore of . . . . ii'oi 

As it requires 66 tons of ore to make 1 ton of copper, the 
profit per ton of copper would be 66 x iroi = 66666 francs, 
or about £26. 

Copper Extraction at Agordo.* At these mines, in Italy, 
ores containing 1 to 2 per cent, of copper, are finely pulverised 
and mixed with a solution containing ferrous sulphate, till a 
thick paste is formed, which is moulded into small cones, and 
these, when dried in the open air for three weeks, are piled into 
regular heaps. After being covered with fines they are set on 

* Oestetreichische Zeitschriften filr Berg und Hilttenmilnische^ 1861 
und 1862 ; und Carl A. M. Balling, Die Metallhttttenkunde, Berlin, 1885. 
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j foni 



: months, the larger 
ones from ten to twelve months, whereby the largest portion 
of the copper is converted into a sulphate ; the ferrous sulphate 
being decomposed into sulphuric acid and ferric oxide. 

The roasted ores are leached in wooden square vats having 
40 to 50 cubic metres capacity ; they are perfectly water-tight, 
provided with false bottoms made of boards or acid-proof stone- 
ware, leaving at regular intervals openings between them, and 
on top of them are placed filters of straw, coke, or any other 
suitable material. The percolating solutions flow from the vats 
through wooden troughs or lead pipes into the collecting tanks, 
from whence they are pumped back again on to the lixiviation 
vats and made to circulate through fresh ore charges. 

Fresh water is pumped on to the ores which are nearly 
exhausted, to act as a last wash to press out the last of the solu- 
tions. The solutions which circulate are continually enriched, 
and they remain in contact with each charge for twenty-four 
hours. The rich solutions have a density of 31° to 34° B., and 
the weak onesi5"B. After leaching the ores three times, the 
residues are used for covering the ore heaps, and when separated 
from the roast heaps they are leached again, and the residues 
from these second lcachings still contain from 0'25 to 0*50 
per cent, of copper; they are sifted, the finer part is rejected 
as worthless, and the coarser part is used again as a covering of 
the ore heaps, and then again manipulated as described. The 
consumption of iron at Agordo was very high owing to the 
presence of ferric sulphate in the solutions, and the formation 
of large quantities of basic iron salts (brumini), which rendered 
the cement copper impure. The arsenic in the ore was present 
in the solution as a ferric arsenate and increased the quantity 
of brumini. 

Copper Extraction at Stadtberge.* The ores contain 
carbonates, metallic copper, red oxide, and copper glance. They 
are treated by solutions of sulphuric acid as follows : — After 
crushing they are dumped into masonry vats to a height of three 
feet, and are there exposed to the action of sulphurous acid 
vapours. For the production of these vapours, two conical shaft 
furnaces arc employed in which pyritic ores are roasted, and the 
1 QesteiTtiihisiiti' Ztitschriftcn, 1871, page log. 
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sulphurous acid mixed with a current of air passes into a canal, 
where they mingle with the gases generated from saltpetre, 
thereby producing sulphuric acid which passes upwards through 
the ore. It takes eight to nine days to decompose sixty-five tons 
of ore. 

For the extraction of the soluble copper sulphates, the weak 
solutions from previous leachings are employed, which are 
collected in reservoirs and are pumped on to the ores. After the 
first leaching, the ore is again exposed for several days to the 
action of the acid vapours, when a second lixiviation with weak 
solution is effected, and then the ore is washed with clean 
water to remove the last of the acid solution. 

From the solutions which mark 20 B., the copper is pre- 
cipitated by means of scrap iron, which is then washed on sieves 
and the collected copper is melted in reverberatories. The 
slimes which remain from the washing of the cement copper 
are smelted to black copper in small shaft furnaces. After 
the copper is precipitated, the solutions are used for the pro- 
duction of iron vitriol or for the further extraction of copper from 
the ores. This process extracts from ores containing 221 per 
cent, of copper only 1*33 per cent., leaving 088 per cent, in the 
residues. The result of seven years' practice has proved that to 
produce 100 lb. copper, 3} tons of ore were required. For the 
production of the necessary sulphurous acid 681 lb. pyrites and 
744 lb. of zinc blende were required, and 127*2 lb. of iron were 
used up in precipitation. It was found more advantageous to 
burn the ores, so as to render the iron oxides and alumina 
insoluble, and to employ the sulphuric acid direct for dissolving 
the copper. 

Neill Leaching Process. This is a method now being 
made the subject of experiment in the United States, according 
to the Patent Specifications No. 650784. The process depends 
on the solvent action of sulphurous acid upon the oxides or 
carbonates of copper, in the presence of water and an excess 
of the sulphurous acid. Under these conditions the oxidised 
compounds of copper are quickly attacked by the solvent, the 
copper goes into solution as cuprous sulphite (CU2SO3 + H 2 0), 
which salt, though insoluble in water, is soluble in an excess of 
the sulphurous acid solution. 
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If, therefore, the excess of sulphurous acid is driven out by 
heat, the cuprous sulphite will be precipitated from the solution 
as a cupro-cupric sulphite, which is a finely crystalline dark red 
salt, carrying 49*1 per cent, copper, and being very heavy, 
readily settles from the solution. After filtration or decantation 
from the solution, this cupro-cupric sulphite may at once be 
melted in any well-known and usual furnace or crucible, prac- 
tically without fluxes and without the formation of slag, to a 
button of pure copper. 

The S0 2 gas is produced by burning pyrites or native 
sulphur. Theoretically, in proportion to the pounds of sulphur 
consumed, this solvent will dissolve twice as much copper as 
sulphuric acid, as is shown by the following formula? : — 

CiijSO, + H,0 contains two units of copper and one of sulphur. 
CuSO| + II.O contains one unit of copper to one of sulphur. 

The sulphurous acid, being a weaker acid, does not dissolve 
50 many other metals, which foul the solution and absorb 
sulphur. The precipitation of the cupro-cupric salt is effected 
by healing the solution in a wooden tank, by means of waste 
steam, to the point of boiling, when the cuprous sulphite falls 
to the bottom of the tank. This precipitate is easily handled 
and melted. In practice some of the sulphurous acid becomes 
oxidised to sulphuric acid, and therefore a part of the copper 
contents of the solution is usually present in the form of copper 
sulphate ; but this portion is small, in some cases amounting 
only to 15 per cent, of the copper in the ore. Even allowing 
that the copper contained in the solution as sulphate will 
amount to 25 per cent, of the ore contents, we then have only 
to reduce with iron one-fourth as much copper as would be the 
case if other solvents had been employed ; and, furthermore, 
this copper is more readily reduced, and with almost the 
theoretical consumption of iron, as the iron in the solution is 
in the ferrous not the ferric condition, having been reduced 
by the sulphurous acid gas, and thus it docs not form the 
basic salts, which consume so much metallic iron in the 
precipitation. 

In practice, the process is operated as follows: — If the ores 
are carbonates and oxides, they are crushed in rock-breakers 
and rollers fine enough to pass a screen of 20 mesh to the linear 
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inch, and charged into a covered tank made of wood, or iron 
lined with wood, or other non-corroding material. This tank 
has previously been charged with water containing some sul- 
phurous acid — two tons of water being used to one ton of the 
ore. This water is obtained from the last washing of the previous 
charges, and from the tower which is placed at the end of the 
system to absorb the last traces of the sulphurous acid gases. 
During the charging of the ore this water is continuously 
agitated, and the charge is kept in agitation during the period 
of leaching. The sulphurous acid gas, obtained either from 
burning pyrites or native sulphur, is first passed through a 
washing apparatus to free it from impurities (SO3), and is then 
forced by means of an air-compressor through the charge in 
the leaching tank, entering it from the bottom. The amount 
of gas to be passed through the charge is large, as these gases 
usually only carry 3 to 5 per cent, sulphurous acid gas ; and 
this large volume of gases serves to keep the pulp in the 
leaching tank in a constant state of ebullition, which is most 
favourable to the solution of the copper. The dissolving of the 
copper can be completed in the one tank, but it is preferable 
to have several tanks located one above the other, so that the 
gases from the lowest one pass through the others in rotation, 
thus absorbing the sulphurous acid gas more completely ; and 
in this case, when the solid material in the lowest tank is shown 
by a test sample to be barren of copper, this tank is emptied 
into receivers below it, and then each of the upper leaching 
tanks in turn is emptied into the next below, and a fresh charge 
is placed in the highest tank. 

The pulp drawn from the last leaching tank is received in 
another tank in which it is still kept in agitation, and at once 
placed under a pressure of air which forces the entire contents 
of the tank, pulp and all, into the filter press. This apparatus 
retains the sand and slimes of the ore, while the solution 
containing the copper is forced out, and is conveyed by suitable 
pipes to the tanks where it is to be steamed to precipitate the 
copper. The pulp in the filter is at once washed by pressing 
successive small quantities of water through it, and these wash 
waters are forced either to the steaming tank or to the wash 
water tank to be used in the next fresh charge of ore, according 
to the contents of the water in copper. The sands are then 
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discharged from the filter presses into suitable cars or conveyors, 
and taken to the waste dumps. 

The solution containing the copper is heated by the exhaust 
steam from compressors to the boiling point, and maintained at 
that till the free sulphurous acid has been expelled, then the 
solution is allowed to settle for a period ; after settling, the same 
is drawn off into other tanks in which the balance of the copper 
is reduced by scrap iron. As this solution is hot when drawn 
from the steaming tank it gives up its copper very quickly, 
and the tank room required is therefore small. The final waste 
water carries only traces of copper. 

The cuprous sulphite precipitate from -the steam tank is 
dried, placed in a reverberatory furnace, and melted. It does 
not require any material manipulation, but melts readily to 
metallic copper, which can be ladled into bars, or can be refined 
on the same hearth. This copper will not carry any silver or 
gold, therefore will not require any separation. 

If the ore to be treated is a sulphide ore, it must first be 
crushed as before, but must then be roasted to drive off the 
sulphur, and reduce the copper to the oxidised state ; this 
roasted pulp must then be cooled, otherwise the operations arc 
the same as already described, and the apparatus the same. It 
is possible also that the sulphur driven out in the roasting of 
such an ore may be used to dissolve the copper out of the 
roasted pulp. 

From the foregoing description, it is obvious that the Neill 
process will not extract the silver and gold from the ores ; and 
also that it is not applicable to ores containing too many 
ingredients soluble in the sulphurous acid solution, such as 
ores containing lime, alumina, iron, or other soluble compounds. 
The passing of the whole bulk of the ore through filter presses 
seems to be a very objectionable feature of the process. 

Leaching Copper Ores at Kedabeg, Russia.* Ores con- 
taining 3 per cent, of copper, are treated by a leaching process. 
The ore is cheaply roasted in kilns or Gcrstcnhofer furnaces with- 
out fuel, the copper being thus brought into a suitable form for 
leaching. This presents no great difficulty, as the copper, 
* "Mineral Industry," vol. vi. p. 349. 




PRODUCTION OF COPPER FROM SULPHATES. 77 

originally existing as a sulphide, is oxidised partially to sulphate 
in the furnace, the sulphatisation being completed to a certain 
extent later during the leaching by the ferric sulphate formed in 
the roasting, and also present in the residual solutions from the 
electrolytic precipitation, the latter being run into the leaching 
ponds. A comparatively long time is required to obtain a 
practically complete change of the copper to sulphate, several 
years' leaching being necessary to reduce the copper contents to 
o*S to 07 per cent. Cu. However, from 50 to 70 per cent, are 
obtained at a very small cost in the first year. The copper is 
precipitated in wooden vats by means of scrap iron, a rapid 
circulation being kept up all the time. In this way 409^ 
metric tons of cement copper, with 65 to 75 per cent. Cu, are 
produced per annum. 

At Majdanpec, in Servia,* are large refuse ore heaps which 
contain on an average 2 per cent, of copper, which is present 
as an oxide and sulphide. The ores are moist enough to permit 
of their being moulded and pressed into bricks, which weigh five 
kilograms each. They are stacked up into regular brick kilns 
of 300 tons capacity, and remain for about a month exposed to 
atmospheric influences, which dries them, and they are then set 
on fire and roasted. Each kiln requires about seven tons of 
cordwood, and when the kiln is well on fire the draught is regu- 
lated by covering the outside with fines. The oxides are 
sulphatised by the sulphuric acid disengaged from the sulphides, 
and the roasting is finished in about three months. The inner 
red portion of the kiln has undergone the best roasting, and can 
be extracted to within \ to £ per cent, of its copper contents, 
whereas the outer portions of the kiln are not so well roasted, 
and their copper contents can only be extracted to within 
\ to I per cent. 

The lixiviation is carried out in four sets of vats ; each set 
is composed of four vats ; the vats are 4 metres long, 2 metres 
wide, and 1 *6 metre deep. They are provided with false filter 
bottoms. The first two sets are used for lixiviation, the third 
set for precipitation, and the fourth set for the crystallisation of 
the ferrous sulphate which accumulates in the solutions. The 
solutions remain in contact with the ore for seven hours, and 
* Berg 6* Huttenm&nnische Zeitung, 1885, p. 58. 
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after filtering, are pumped back on to the ore contained in 
another vat, and are made to circulate through fresh ore charges 
till they are saturated with copper, and then are led into their 
respective precipitation vats. The same process is repeated 
with the weaker solutions, which are enriched by circulating 
them through fresh ore charges, and they remain in contact 
with them for four hours, and a wash is given with the warm 
acid solutions which result from the precipitation vats, as these 
still retain some traces of copper oxide. The ores receive a 
final water wash, whereby the last traces of the solutions are 
pressed out 

Gradually the solutions become enriched with iron salts, 
and are withdrawn into the fourth set of vats. Steam is 
injected, and after settling this becomes free of iron oxides, 
changing the brown colour of the liquid into a greenish tint. 
The waste solutions are acid and are used as final washes, and 
when they become charged with magnesian and aluminous salts, 
these are allowed to crystallise out, and the solutions are returned 
again to the manipulation. 

The cement copper obtained on precipitation with iron is 
very clean, as it contains 92 per cent, copper. It is cast into 
ingots and brought on to the market as black copper. 



CHAPTER VII. 

THE PRODUCTION OF COPPER CHLORIDES BY 

WET PROCESS. 

The reactions which take place in this process are founded 
on the principle that, if copper sulphides are brought into 
contact with ferric chloride, they are converted into cupreous 
and cupric chlorides, and the ferric chloride is converted into 
ferrous chloride, as follows : — 



CuS + Fe 2 Cl 8 = 2FeCl + CuCl + S. 
Cu,S + Fe 2 Cl 8 = 2FeCl + Cu 2 Cl + S. 



Doetsch Process. These reactions were formerly employed 
at Rio Tinto in the carrying out of what is called the Doetsch 
process* The mineral is not roasted, and averages 2*68 per cent, 
copper, present as CuS and Cu 2 S ; and after the extraction of 
the copper it is found that the iron pyrites remain unaltered. 
The process demonstrates that ferric chloride dissolves only the 
copper from the ore, but leaves the iron pyrites intact, which 
is of great importance. Consequently by the Doetsch process 
a solution is obtained, which contains cupreous and cupric 
chlorides and ferrous chloride. 

The solution of ferric chloride is obtained by dissolving 
sodium chloride in green vitriol or iron sulphate. 

There is produced an alkaline sodium sulphate and ferric 
chloride. 

In carrying out the process, the ore is broken in rock 

* •« Notes sur le Rio Tinto," by M. E. Cumenge ; " M6moire sur l'lndustrie 
du Cuivre dans la region d'Huelva," par M. L. de Launay; "Annates des 
Mines," tome xvi. 
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breakers to the size of about half-an-inch, and built up into 
heaps 4 to 5 metres high, 16 metres long, and 16 metres wide. 
These heaps are traversed in their longitudinal and vertical 
directions by a regular system of canals and chimneys built in 
dry masonry. While the heaps are being built up, they arc 
mixed with the ferrous sulphate and salt in the solid state, in 
the proportion of about A per cent, of the weight of the ore, 
and after the heap is built up the same is well wetted down. 
It takes about four months to extract 1-34 per cent, or 
50 per cent, of the copper, and after two years a total of 
2 - 20 per cent, is extracted, so that the final loss is 048 per 
cent 

The solutions which run from these heaps are precipitated 
by iron (according to the formula) 

CuCI + Fe = Cu + FeCl. 
Ca,Cl + Fe = zCu -f Fed. 

in vats, and as the copper is mostly present as cupreous chloride, 
one equivalent of iron is required to precipitate two equivalents 
of copper ; consequently a great reduction has been made in 
the cost of precipitation. 

The ferric chloride after action on the ore is reduced to 
ferrous chloride, and to make the process continuous, the 
ferrous chloride is regenerated into ferric chloride, which is 
accomplished by injecting chlorine gas into the waste liquors 
by passing them through coke towers. 

The solutions which run from the ore heaps contain 5 
to 7 kilograms of copper per 1000 kilograms or one cubic 
metre. 

The regeneration of the waste solution takes place according 
to the reaction 

aFeCl + CI = Fe,Cl r 



The chlorine gas is produced by heating salt with ferrous 
sulphate in a revcrbcratory furnace, holding a charge of 200 
kilograms, plenty of air being admitted through the working 
doors and canals practised in the fire bridge. The reaction in 
the furnace is shown by the following formulae :— 

2SO,, Fe + aClNa + 30 = Fefl t + 2S0,Na + 2CI. 
3SO„ Fe + 3ClNa + 30 = Fe^O, + 3SO,Na + 3CI. 
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resulting in the production of ferric oxide and sulphate of 
soda. 

The ferrous sulphate is found in large quantities on the 
shores of the Rio Tinto river, where the same is formed by 
the evaporation of solutions holding iron, which come from 
the ancient workings of the Romans, Carthaginians, Arabs, 
and Spanish, and from the drainage of the waste heaps 
which are full of iron pyrites. The large Terreros also 
furnish crystals of ferrous sulphate and salts of the ferric 
sulphate. 

During the reaction in the reverberatory furnace, a certain 
quantity of hydrochloric acid is produced, which is again 
reconverted into chlorine gas, by introducing a certain quantity 
of dioxide of manganese near the flue. This mineral is found in 
considerable quantities on the Rio Tinto concession. The gases 
from the furnace pass into a tower and are absorbed by 
ferruginous waters, which fall in a shower from above, and in 
this manner they become charged with ferric chloride, according 
to the above-mentioned formulae. As this regeneration takes 
place continuously, it is only necessary to replace the solutions 
absorbed by the ore by freshly prepared brine. 

By this process the sulphur in the pyrites is not destroyed, 
and consequently the leached-out ores are still fit for the 
manufacture of sulphuric acid ; there is also a large saving in 
time as compared with the atmospheric production of sulphates 
and leaching, and the consumption of iron by precipitation is 
also considerably reduced. 

The cost of producing copper by the Doetsch process has 
been established by Mr. Cumenge, according to the results 
which he accomplished after a campaign of four months, during 
which he obtained 224 tons of cement copper. 

francs. 

The cost of lixiviation . . 83*81 

Precipitation 181*16 

General expenses .... 28*04 



Total per ton of cement copper 293*01 

Or per ton of pure copper 345 francs. 
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The details of these expenses are : — 

Lixiviation . . 250 kilos salt Tor chlorine and mixture, 

68 frs. per Ion .... 1706 

„ Sulphate of iron, 0*20 ton at 12 frs. 

per ton 300 

„ Fuel, pumping, labour . . . 6375 

Precipitation . Iron consumed, i'i2 tonat92'S5 francs 104*00 

„ Labour 77 00 

General Expenses . Material 5 25 

„ „ Repairs on the basins .... 11-87 

„ ,1 Transport on materials, machinery . 4*00 

„ ., Maintenance of roads .... 1-29 

,, „ Salary of employes .... 5-72 



Total 



expenses 



293 't> 



The extraction after four months amounted to 1*34 per cent, 
of the copper contents and there were 75 tons of mineral 
employed to produce a ton of pure copper ; therefore the cost 
price of a ton of copper will be as follows : — 

Value of 75 tons of mineral at 4 francs .... 300 
Treatment charges per ton of pure copper as above . . 345 
Transport to Huelva and England and other expenses . 30 

Total 675 

The 75 tons of ore will furnish at the expiration of two 
years a total of 1*650 tons of copper: therefore for the 
supplementary 0650 tons of copper only the treatment charges 
must be brought into calculation, namely: — 

345 francs x 0*650 = . . . . 222*50 
Plus the transport, 30 francs x 0-650 . 19*50 

Consequently at the end of two years 1*65 tons of copper 
would have been produced from the 75 tons of ore, costing 918*75 
francs, making the cost per ton of copper 556 francs, or £22 
per ton, which at the selling price of £50 would leave a profit 
of £2%, equal to 700 francs. 

When these figures are compared with those given under the 
heading of the sulphatising process, it will be seen that the 
Doetsch process gives a benefit of 950 — 825 ■= 125 francs, over 
and above the one realised by the old process. 
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From the above calculation it will be seen that iT2 ton of 
iron was employed to precipitate I ton of cement copper which 
would equal v$ tons iron to I ton of pure copper. 

Treatment by Means of Ferrous Chloride and Hydrochloric 

Acid. — When ferrous chloride and hydrochloric acid are exposed 
for a considerable period to atmospheric agencies, they are con- 
verted into ferric chloride and ferric hydroxide, which, last in 
its turn, is attacked by the hydrochloric acid and converted into 
ferric oxide. .Through these reactions a process has been at 
work at Stadtberge, in Westphalia * to convert copper sulphides 
into copper chlorides by the action of the ferric chloride, which 
is converted into ferrous chloride. 

The copper chlorides are leached out by means of solutions 
acidulated with hydrochloric acid. The cupreous ferrous 
chloride solutions are collected in vats and the copper pre- 
cipitated by iron. The resulting mother liquors are acidulated 
with hydrochloric acid, and are then employed, either for the 
chlorination or for the leaching of the ores after conversion 
into copper chlorides. 

The chlorination of the ores, therefore, is effected by wetting 
down the ore heaps with the solutions containing ferrous 
chloride, which are acidulated with hydrochloric acid. The 
Stadtberge ores contain 2 to 2\ per cent, copper, present as 
copper glance, sulphate, and a small quantity of oxides. After 
crushing in rock breakers to I \ to 2 centimetres, they are placed 
in wooden receptacles lined with clay, provided with false 
bottoms, holding about one hundred tons each. The solution 
by means of pumps is circulated through the ore, remaining 
in contact for several hours before being drawn off; and the 
extraction is considered completed after three days, when the 
same is drawn into the precipitation vats. The solution coming 
from the precipitation vats contains per litre: 



Ferrous chloride . 


177 '97 


Ferric chloride 


2-64 


Cupric chloride . 


V\1 


Sodium chloride . 


i-33 


Aluminium chloride . 


977 


Calcium sulphate 


7-88 


iandbuch der Metallhuiteukundc 


Berlin, 



84 HYDRO-METALLURGY OF COPPER. 

For each 50 kilograms of ore there is added to this solution 2 
kilograms of hydrochloric acid of 20 B. To convert the silver 
in the ore into a chloride there are added to each litre of solu- 
tion 200 grams of common salt. The brine dissolves cupreous 
sulphate, oxides, and carbonates, which renders the ores porous 
and fits them for the natural atmospheric decomposition which 
follows this impregnation. After three days the copper contents 
of the ore have been lowered to about iy ff per cent The 
solution which has been drawn off is utilised to dissolve the 
copper chlorides after the ore has undergone atmospheric de- 
composition. 

After the impregnation, the ores are shovelled out and built 
up into heaps three metres high, which remain exposed to 
atmospheric agencies for three months, so as to dry out all the 
moisture. At the expiration of this period the greatest portion 
of the copper, down to CV4 per cent., is converted into cupreous 
and cupric chloride, cupric oxichloride, and cupric sulphate. The 
silver is converted into a chloride. The ores are now submitted 
in vats to a series of lixiviations by the mother liquors and 
freshly prepared solutions, till they contain CV4 per cent, and 
the residues exposed again to further atmospheric decomposition, 
when they are leached again. 

This process gives very good results, and the consumption 
of iron in the precipitation amounts to 105 kilograms iron for 
100 kilograms copper. After the chlorination of the copper 
in the heaps the ore is allowed to remain in contact with 
the brine for twenty-four hours before being drawn from the 
vats, and the same ore is treated with from 12 to 16 solutions. 
The first leaching on fresh ores is effected by means of the first 
brine which has run off from a preceding charge, as the same 
contains sufficient acid to dissolve the oxichloride of copper in 
the ore. When the solution is drawn off, the subsequent brine 
is the second weaker leach from a previous charge, and this is 
continued till four teachings have been effected, and the 
resulting brine collected together for precipitation. The copper 
contents per litre from the first solution arc 30 to 40 grams, the 
second brine contains 20 to 25 grams, the third brine 15 to 20 
grams, and the fourth brine 10 to 15 grams. The subsequent 
brines, which receive an addition of hydrochloric acid, are 
circulated so as to enrich themtbefore being precipitated. 
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Claudet Process. — This method has been pursued in Great 
Britain for the treatment of Spanish ores which contain silver, 
and consists in chloridising the copper and silver by roasting 
with common salt, dissolving the chlorides out with hot water, 
precipitating the silver as iodide, and then the copper with 
metallic iron. There are five different stages in the process, 
namely : — 

1. Crushing the ore and mixing with salt. 

2. Calcining, or roasting, the same. 

3. Leaching the roasted ore. 

4. Precipitating the silver from the argentiferous copper 

liquors. 

5. Precipitating copper from the desilverised liquors. 

The roasted ore is mixed with 13 per cent, to 20 per cent of 
salt, and the mixture calcined in muffle furnaces. The muffle 
is connected with a condensing tower, built of fire-brick, and 
packed with bricks and coke, over which a stream of water is 
kept running to condense the acid gases evolved from the 
furnace mixture. The acid solution, running off at the bottom 
of the tower, is used to dissolve the oxide of copper out of 
roasted ore, as will be described. 

The object in the calcination is to oxidise sulphur and 
chloridise the silver and copper (or rather to render all the 
copper soluble with the least possible expenditure of acid in 
leaching). About 77 per cent, of the calcined ore is soluble 
in water (/.*?., the copper being present as protochloride and 
subchloride), 20 per cent, in dilute acid (the copper present as 
oxide), and the remainder, 3 per cent., is unchanged copper 
sulphide. The heat of the furnace is not allowed to exceed a 
dull red, or else the protochloride is decomposed. 

The calcined ore, while still hot, is taken to the leaching 
tanks. These are built of wood, and about 10 feet square and 
5 \ feet deep. Each tank holds 20 tons of calcined ore, which 
rests on a false bottom, on which a rough sort of filter is formed 
of screened furnace ashes. The ore is first washed with weak 
liquors from a previous operation, then with the acid solution 
from the condensing tower, and finally with hot water. 

Only the first strong liquors are run to the Claudet tanks, 
the weak liquors being used as first washings for another tank 
of ore. The residual ore is thrown out of the leaching tanks, 



HYDRO-METALLURGY OF COTTER. 

and after draining is ready for shipping as purple iron ore, 
which is used in the puddling furnaces. 

The Claudet process of precipitating silver consists in first 
ascertaining the amount contained in the copper liquor (it 
averages 3 to 6 grains of silver per gallon, and from 0/2 to 
07 lb. of copper) and passing it, together with a slight excess 
of an iodide of zinc solution, into the Claudet tanks, which 
arc usually circular and of about 3,500 gallons capacity. The 
zinc iodide is of such strength that one gallon precipitates 
500 grains silver. The reaction is 

2AgCl + Znl a = 2AgI + ZnCL, 

The liquor is allowed to settle for 48 hours, and being de- 
silverisedj is run off into the copper precipitating tank. 

The precipitated iodide of silver accumulates in the Claudet 
tank for about a month, at the end of which time it is swept 
into another vat, and, after washing with dilute acid and 
water, is digested with scrap zinc, when the following reaction 
occurs : — 

2AgI + Zn = Znl, + 2Ag. 

The iodide of zinc thus regenerated is dissolved out and used 
again for precipitating silver from fresh liquors. The silver 
residue, consisting of metallic silver mixed with a little gold 
and considerable sulphate of lead, etc., is sold to silver 
refiners. 

The desilverised copper liquors are precipitated with scrap 
iron, in wooden vats, the solution being kept at a temperature 
of from 150° to 170° Fahr. by the use of steam. The copper in 
the first liquor admitted is precipitated in three or four hours, 
each subsequent liquor taking a longer time. When the iron 
is so enveloped in copper that about twenty-four hours are 
required to throw down the copper from a fresh liquor, the 
tank is cleaned out. When dried, the precipitate contains 
75 per cent, or more of metallic copper. The iron required 
for precipitating is about no per cent of the copper. 



, 



CHAPTER VIII. 

THE PRODUCTION OF COPPER CHLORIDES BY 

DRY PROCESS. 

Henderson's Process. — In i860 Henderson patented a method 
for extracting copper from the residues or cinders resulting 
from the manufacture of sulphuric acid — a method largely 
employed in Europe. 

The pyrites which are imported from Spain and from Norway 
contain from 3 to 8 per cent, of copper, and are burnt by the 
acid manufacturers in pyrites burners, which will be presently 
described. The burnt ores from this first operation are then 
submitted to a second chloridising roasting in reverberatory, 
muffle and mechanical furnaces (which also are fully described 
in Chapter XIV.), with the addition of sodium chloride, which 
converts the largest portion of the copper into a cupric chloride, 
and a small portion into cupreous chloride. After roasting, the 
ore is lixiviated, and from the solution the copper is precipitated 
by iron. The quantity of sulphur which remains in the cinders 
from the sulphuric acid works varies, amounting from 3 to 7 
per cent. After the copper is extracted the lixiviation works 
sell their residues to the iron works, these residues being known 
as " Blue Billy." 

The chemical reactions which take place in this process 
are as follows :— 

The sulphur in the roast product from the pyrite burners 
is generally present as a sulphide of iron, and when roasted 
with sodium chloride, cupric sulphate is produced, and the 
evolved chlorine acting on it, converts it into cupric and 
cupreous chloride with formation of sodium sulphate. 

The intermediary reactions which take place in the roasting 
furnace &re expressed as follows : — 

87 
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The cupric sulphate is principally produced by the action 
of the sulphuric acid contained in the iron sulphates of the 
kiln residues ; or the same is produced through the sulphuric 
acid produced from the undecomposed iron pyrites, which 
latter when acted upon by sodium chloride are converted into 
iron sulphate and ferrous and ferric chlorides. These chlorides 
exert a strong chloridising action on the copper. The sulphuric 
acid acting on the sodium chloride disengages chlorine, and if 
any sulphuric acid is present as a hydrate, hydrochloric acid is 
also generated. Chlorine gas exerts a chloridising effect on the 
copper sulphides, and hydrochloric acid acts on the copper oxides. 

The roast products from the chloridising roasting are a 
mixture of cupric chloride, cupric oxide, cupric sulphate, 
cupreous chloride, sodium sulphate, ferric chloride, ferric oxide ; 
also sulphates and chlorine combinations of the other metals 
contained in the ores. The roasting should be conducted in 
such a manner, that as large a proportion as possible of the 
copper combinations should be soluble in water, as otherwise 
a large quantity of acid solutions will be required to dissolve 
out the copper. The production of ferrous sulphates in the 
furnace should be avoided, as the same goes into solution and 
consumes a large quantity of iron during precipitation. 

To carry the process out successfully, it is necessary that the 
copper and sulphur contents should not be too high, and also 
that the temperature during roasting be moderate. 

If the copper contents arc too high, the decomposition of the 
copper sulphides during the first roasting or burning for the 
manufacture of sulphuric acid is not complete ; and the result is, 
that during the second chloridising roasting, which is not carried 
out at a temperature high enough to decompose copper sulphides, 
the copper will not become completely chloridiscd, and therefore 
the extraction during the subsequent lixiviation is not complete 
or perfect. Practice has demonstrated, that at Oker the limit 
of the copper contents should not exceed 8 per cent. At 
various works in England the limit is placed at 6 per cent. 
The sulphur contents should not exceed one and a half the 
equivalent of copper, as otherwise the consumption of sodium 
chloride would be too great, and the time of the roasting 
operation would be unnecessarily prolonged. If the sulphur 
contents are too low, raw pyrites have to be added to the 
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roasting charge in the furnace, and the temperature must not 
exceed a cherry red heat, as otherwise too great a quantity of 
cupric chloride becomes volatilised. 

The roast gases from the chloridising roasting contain 
sulphurous acid, hydrochloric acid, and chlorine ; and to prevent 
these gases from becoming noxious, and also to utilise them, 
they arc passed through coke towers, shown in Fig. 11. The 
gases enter by the pipe, m, into 
the first tower, and then pass 
down the second tower, and 
from it rise into the third tower, 
and then pass down again the 
fourth one, and through the 
tube, s, into the flue leading to 
the main chimney. The towers 
are filled with coke, and water 
passes through the pipe, R, in 
a shower through the towers, 
which absorbs the gases and the 
resulting acid solution collects 
in a tank over which the towers 
are erected. 

The chloridising roasting 
takes place in revcrberatories, 
muffle or shaft furnaces. The 
reverberatories require less fuel 
than the shaft or muffle furnaces, 
but their roast gases are in 

a diluted and contaminated form, and are not suitable for 
condensing in towers. They have cither stationary or movable 
hearths and arc occasionally heated by gas generators, which arc 
subsequently described. 

At Oker, the ores* which are treated by this method have 
the following composition : — 
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The roasted residues are mixed with 15 per cent sodium 
chloride and crushed in Chilian mills, to the size of 10 mesh to 
the linear inch. About 15 tons of ore are crushed daily and 
roasted in reverberatory furnaces, holding 2^ tons to a charge, 
and kept at a dark red heat for 4 hours. The heat is then 
lowered, and the stirring continued for 5 hours, plenty of air 
being admitted into the furnace. The charge is then with- 
drawn and the furnace charged afresh, about 5 tons are roasted 
in 24 hours, consuming from 1200 to 1400 lb. of coal. The 
composition of the roasted ores is as follows : — 
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Tht average results show, that the copper after a chloridising 
wanting will give 75 per cent of cupric chloride and neutral 
sulphates, which are soluble in water, 20 per cent, of the copper 
Li soluble in dilute acids, as cupreous chloride, cupric oxichloride, 
cupric Oxide and basic cupreous sulphate ; whereas 5 per cent, is 
prMtnl M copper sulphide soluble in aqua regia. 
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The solution takes place in square lead-lined vats, having a 

capacity of 5 to 10 tons. The ore is dumped on to a false 

bottom, provided with a filter made of coke, straw, or any other 

suitable material ; the charging of the vats takes place, while the 

ore is still hot, and the solutions are made to flow into the vats 

by means of earthenware or india rubber tubing. The first 

washes are given with the waste liquors coming from the 

precipitation vats, which is followed by a hot water wash, and 

about 75 per cent, of the copper is extracted by this first 

leaching. To dissolve the cupreous chlorides and oxides, the 

leaching is continued with the acid liquors coming from the 

condensing towers, or with water acidulated with hydrochloric 

or sulphuric acid marking 8 D B., which are heated by means 

of steam. In this manner every five tons of ore required 125 

kilograms of 50° B. chamber acids, which were diluted to 8° B. 

This acid was allowed to remain in contact with the ore for 

two days, at the expiration of which time the same became 

neutralised and contained in 100 parts : — 

Copper 0-58 per cent. 

Aluminous earth and iron oxide . 2-13 „ 

Zinc oxide 006 „ 

Manganous oxide 0*12 „ 

Cobalt and nickel 0*02 ,, 

Lime 007 ,, 

Magnesia 004 „ 

Alkalies 0*62 „ 

Chlorine 0*13 „ 

Sulphuric acid 2*39 ,, 

There are generally given three washes with the precipitation 
liquors, and six water washes. They should be made to circulate 
as long as copper is being dissolved, and each wash should 
remain in contact with the ore for only a few hours. 

The waste liquors which are employed for the first washes 

contain a considerable quantity of ferrous chloride and alkaline 

chlorides, and have a density of 18 B. The leaching with this 

solution is continued, as long as the filtrate shows a blue 

coloration, and they contain in 100 parts : — 

Copper 371 per cent. 

Lead o-oi „ 

Silver 0005 „ 

Iron oxide 
Aluminous earth 



I 0*29 » 
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Zinc oxide .... 
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The solutions are drawn off into the precipitation vats, which 
arc also lead lined, and to facilitate the precipitation, they are 
heated by steam. The waste liquors from the precipitation vats 
flow into sumps and arc pumped back again when required for 
the fresh ore charges. The liquors which are obtained from the 
condensing towers, arc collected in separate receptacles and are 
utilised for the dissolving of the cupreous chlorides and oxides 
as mentioned above. 

The residues were utilised in the lead smelting works, 
where they are used as a flux owing to their high iron 
contents. 

Dry Chloruration Process.— This method, as formerly prac- 
tised at Rio Tinto on ores carrying about 2% per cent, copper, 
consisted In roasting them with salt in teleras, in pyramidal, 
shaped heaps about 3 metres high, 8 metres long, and 6 metres 
wide, which contain about 800 tons. They are constructed with 
channels and chimneys for regulating the draught after they 
are set on fire. While building up the heaps, the salt is mixed 
in with the ore, about 14 tons of salt to 800 tons of ore. 

The roasted ore is put into basins and leached with water, 
and by this operation about ^th of the copper contents are 
extracted. The ore is then taken and built up in "terreros," 
which are quite a distance from the mine, at a locality called 
Naya, to which place there is railway transport. Here the 
ores are submitted, first, to the action of sulphurous acid 
while roasting, so as to shorten the period of sulphatisation; 
second, to the action of sodium chloride and peroxide of 
magancse, for the purpose of producing copper chlorides. 

The first of the two reactions is explained by the fact 
that, if a heap of roasted or raw ore is subjected to the actioti 
of sulphurous acid in the presence of steam, which is developed 
through the heating of the moist ore heap, sulphuric acid is 
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produced, which in its turn acts on the oxides in the ore and 
produces sulphates. 

When sodium chloride and manganese dioxide is mixed 
with the ore, the following reaction will take place: — In the 
presence of steam charged with sulphuric acid, whose formation 
has just been explained, the sodium chloride will produce 
hydrochloric acid, which reacting on the dioxide of manganese 
evolves chlorine which forms ferric chloride, and this when in 
solution, acts on the copper and argentic sulphides. It is also 
possible that the manganese dioxide in presence of sulphuric 
acid and under the influence of heat produces free oxygen, 
which exerts an oxidising action on the undecom posed pyrites. 

In practice, these principles are carried out as follows: — 
the "teleras" are set on fire, and while they are burning a 
discharge of sulphurous acid takes place, and on top of the 
burning teleras are dumped crude and also roasted ores mixed 
with from two to three per cent, of salt, and two to three per 
cent of manganese dioxide. This mineral is found in great 
quantity in the province of Huelva, in the vicinity of the Rio 
Tinto mines. The heaps are built up to a height of eight 
metres, and around them are narrow ditches which carry away 
the cementation waters to the reservoirs. 

The balance of the operation is carried as follows: — by 
watering down the teleras for months and years and gather- 
ing the solutions by means of the small ditches mentioned. 
Occasionally the surface of the teleras is stirred up with 
picks, so as to prevent the same from getting cemented and 
impervious to the percolation of water. 

The solutions which result from the leaching of the teleras 
is called " brown liquor," and after the copper has been separated 
from it by iron, the waste liquors are used to dissolve copper 
from the "fine ores," which operation is carried out in large 
leaching tanks ; as these liquors contain ferric chloride and give 
the reaction, explained on page 65. The copper in the solutions 
is precipitated with iron. The residues after lixiviation, as 
they still contain about £ per cent, of copper, are taken to the 
lower works and built up into "terreros" after being mixed 
with other poor ores. 

At Natrona, Alleghany County, Pennsylvania, the Penn- 
sylvania Salt Manufacturing Company uses Spanish ^ytlt^ 
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containing 2 per cent, of copper, and the burnt cinder is roasted 
with salt to produce copper chlorides which are leached in tanks, 
whose construction is described by Mr. B. G. Clemmer.* 

Every supporting timber, plank, and pin should be painted 
on all sides with hot, soft tar before being put in place. This 
is absorbed by the wood and protects it against the destructive 
action of the acid liquors. The tanks should be constructed 
of 3-inch planks, with an inside shell of the same thickness, 
and a space of 3 inches between the tank and the shell. All 
should be put together with wooden pins, and bound together 




as shown in the illustrations (Figs. 12, 13). The space between 
the tanks and the shells should be filled with a mixture of 
hard tar and sand. The bottoms should be covered, to the 
depth of 3 inches, with the same mixture fused to that between 
the shell and the tank. This bottom covering should then be 
protected against wear of the shovels by a layer of chemical 
brick laid in cement (Fig. 13). 

The holes for drawing off the liquor are bored through 
wooden blocks 6 inches square, set inside of the tank near 
the bottom, and are provided with wooden spigots or plugs 
extending to the weak and strong liquor launders. All the 
launders are made preferably of very sappy yellow pine, dug 
out ; with the ends, or joints halved together and calked with 
oakum or red lead. 

* See " Mineral Industry," vol. viii, p. 197. 
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The proper dimensions of the lixiviating tanks are 12x12 
x 4 feet, for the settling tanks 12 x 12 x 6 feet, and for the 
precipitating tanks 12 x 12 x 6 feet. 

In preparing the mixture of hard tar and sand, composed 
of about equal parts, care must be exercised, not only to 
produce a homogeneous mass, but also that all the moisture 
and air be expelled. The usual method of procedure is to heat 
the hard tar in a large kettle, and stir it until all the moisture 
and air be expelled, then adding the sand hot, and stirring the 
mixture until the desired result is pbtained. The sand must 
of course be first screened, and have all combustible matter 
burned out before mixing with the tar. 

Cost at Natrona^ Pennsylvania^ for treating a ton of 2,000 
lb. of Spanish pyrites cinders. The works have a capacity of 
dealing with 200 tons of mixture (cinder and salt) daily* 

2 samplers @ $2*50 $ 5-00 

6 mill men „ 175 10*50 

1 mechanic , 2*00 2*00 

2 engineers „ 2*00 4*00 

3 firemen „ 175 5*25 

4 weighmen and furnace chargers . . . „ 175 7*00 
28 furnace men ,, i"75 4900 

1 hoistman , 2-00 2*00 

27 furnace material handlers, coal and cinder 

wheelers ,,1*50 40*50 

2 leachers „ 175 3*00 

4 copper precipitators 1*50 6*oo 

Unloading cinders and salt .... 20*00 

Loading purple ore for shipment ... 15*00 

21 tons of salt „ 3*00 6300 

Pyrites fines 7*00 

20 tons of coal „ roo 20*00 

5 \ tons of sheet iron scrap . . ,,7*00 38*50 

Repairs, depreciation, management, etc. . 40*00 

$338*25 

or $ 1*87 per 2000 lb. of pyrite cinders, or $ 1*69 per 2,000 lb. 
of mixture. 

At Ore Knob, North Carolina, ores are finely pulverised 
and roasted in reverberatories. The roasted ores contained 
775 per cent, of copper oxide and 4*15 per cent, of copper 

* " Mineral Industry," vol. viii. p. 202. 
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sulphate, They were transferred into agitating vats 6 feet in 
diameter and 5 feet deep, with a conical bottom, holding 
1,500 lb. of ore and 1,500 gallons of ferrous chloride solution of 
22 B. The solution is heated by steam to 70° C. and is agitated 
by means of mechanical stirrers for 8 hours, and after remaining 
quiescent for 4 hours, the now clear solution is drawn off. The 
residues are utilised in the iron smelting works. 

The solutions are transferred to the precipitating tanks, 
which are 13^ feet in diameter and 5 feet deep; they are 
provided with a false bottom on which are placed 300 lb. of 
iron. The solution is heated to 70° C. for 12 to 18 hours, and if 
all the copper is precipitated, the solution is drawn off and 
pumped up into tanks placed above the level of the agitation 
vats. It has been found that solutions containing 15 kilograms 
copper for every ioo gallons, give the best results. 

When the precipitation vats contain from 4 to 5 tons of 
copper, the same is shovelled out and shipped and the precipitate 
contains from 75 to 80 per cent, copper. The purest portion of 
the cement copper is employed for the manufacture of blue 
vitriol, and this pure copper consists of :— 



Cu 



96 



sio, . 

Graphite 



33 



On the shores of the Escaut, near Antwerp, works 1 
erected to treat the ores from the Vignoess Mines in Norway, 
which contain about 4 per cent, copper." They are first utilised 
for the production of sulphuric acid, and their composition is as 
follows :— 

Sulphur 41 

Copper 4 

Iron . 32 

Zinc 1-50 



" La Metallurgie du Cuivre,'' par M. Roswag, Dunod, Paris. 
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After treatment in the sulphuric acid works they contain an 
average of 5 per cent, sulphur, and the loss in weight is about 
25 per cent. There are daily treated 128 tons of pyrites leaving 
96 tons of roasted ore ; which has the following composition : — 

Sulphur .... 5 



Copper . 


. 5-5o 


Iron oxide 


. 6o*oo 


Silica 


. . . 26*50 


Zinc, lime, oxygen . 


300 



100 



A. The Roasting. The ore is crushed in ball mills mixed 
with 20 to 25 per cent, of impure salt, according to the copper 
contents and after pulverisation and sifting the same is charged 
into 8 muffle furnaces, which are 12 metres long by 2*50 metres 
wide, and 4 furnaces which are 10 metres long and 4*50 metres 
wide, according the pattern shown in fig. 76. 

They are charged by means of 3 ore hoppers and have 6 
working doors, and consume 210 kilograms of coal per ton of 
mixture. The combustion gases pass into three large condensing 
towers. 

The proportion of salt is arranged in such a manner as to 
convert all the sulphur into sodium sulphate, and an excess of 
2 per cent, of salt is added to compensate for the volatilised 
chlorine. The reaction is as follows : — 

CINa + 4O + (CuS + 2CuO) = SO,, Na0 4 + CICu + C Ul O. 

Each furnace is charged with 375 tons and forms a layer of 
4 centimetres on the hearth area ; the new furnaces hold 4'5o 
tons and the ore layer is 3 centimetres on the hearth. The 
temperature is raised from 500 to 6oo° C, so as to avoid a cherry 
red heat ; when the blue flame of the burning sulphur disappears 
the operation is finished. An assay should show that not more 
than 0*20 per cent, of sulphur is left before the ore is discharged 
from the furnace. The chloruration requires about 6 hours, 
which permits about 4 charges per furnace per day ; and con- 
sequently each furnace roasts daily 15 tons of mixture, or 12 
tons of ore. 

The charge loses 5 per cent, in weight, and the percentage 
of salt added should be calculated in such a manner as not 

1 
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to chloridise all the copper, as some of the copper should 
main as an oxide. If the operation is prolonged too much 
i oxychloride of copper is formed, which is insoluble. The 



chen withdrawn from the furnace is 

(CINa) 

(CICa) 

(CuSO.) . 

(CICuP) . 

(CuO) 

(CoS) 
i (CIFe, FeO) 
i (NaSO, 
) (NaSiO, 

■7 
towers filled with 



Tiposition of the < 
as follows : — 

Sodium chloride 
Cupric chloride 
Sulphale of copper 
Oxichloride of copper 
Oxide of copper 
Sulphide of copper 
Chloride aud oxide of ii 
Sulphate) ofsoda 
Silicate \ 

The roast gases are led into condensin 
coke, and have a temperature of 130 to 150°, and escape from 
the towers at 12 to 18 . The liquid which runs from these 
towers has a density of 6J° B., and is utilised for the lixiviation 
of the chloridised material. 

B, The Cementation. The roasted ore is allowed to cool 
down, as it was found that in the hot ore the chloride of copper 
collects into solid lumps, which dissolve with great difficulty 
when brought into contact with solutions. After cooling, the 
ore is elevated by chain elevators to the lixiviation tanks. 
There are 24 tanks in four rows of 6 each. Each tank is 25 
metres long, y$o metres wide, and 3-50 metres deep, provided 
with a filter bottom composed of leached out ore (purple ore) 
and straw, and the solutions arc conducted by means of troughs 
to the precipitating basins. 

The ore undergoes three separate washings : — 

1. By means of the waste liquors which arc left after the 
copper is precipitated by iron ; the same still contains 5 to 6 
kilograms of copper per cubic metre, ferric chloride, which 
facilitates the solution of copper chloride and cupreous oxide, 
These liquors are heated to 80° C. by means of steam, and 
remain in contact with the ore for ten hours. 

2. After this solution is filtered through, a second leaching 
is given by means of the liquid from the condensing towers, 
which if necessity requires can be strengthened by the addition 
of hydrochloric acid. These liquids are also heated to 80° 
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and the result of these two washings should give 20 cubic 
metres of solution from each tank, and after this solution is 
completely drained off the last washing is applied. 

3. This consists in washing with hot water, and ought to 
finish the complete extraction of the chloridised material, and 
the residues ought only to contain 0*25 per cent of copper. 

The precipitation of the cupric chloride is effected in three 
series of basins, each composed of 7 vats, which all communicate, 
and one of which is generally being cleaned out. The vats 
each hold 9 cubic metres of solution, and the copper is pre- 
cipitated on scrap iron while the solutions are heated by steam 
to 6o°, so as to hasten the reaction, which requires 24 hours. 
The cement copper contains 80 to 85 per cent, of copper. 

The waste liquors still contain 5 to 6 kilograms copper per 
cubic metre, and one-third of it is allowed to go to waste, while 
the other two-thirds circulates through the ore vats as mentioned 
before. 

The consumption of iron is ton per ton of copper produced, 
which is very small in comparison with the consumption at 
Rio Tinto. The cement copper is washed on strong iron sieves 
with water under a pressure of two atmospheres ; the sulphate 
of soda is dissolved, and any pieces of iron remain on the sieve, 
and to prevent the cement copper from becoming oxidised it is 
pressed into cakes in a hydraulic press, under a pressure of 50 
atmospheres, and they retain 5 per cent, of water after being 
dried in the air. The residues are sold to the iron foundries 
at 12 francs per ton, which for 90 tons a day represents, less 
expense of loading into boats, 1053 francs, which are deducted 
from the cost sheets relating to the production of the copper. 

The motive power consists of two boilers and an engine, which 
furnishes over 50 horse power nominal to the various machines 
and pumps employed. The personnel consists of 1 general 
manager and 3 superior officials, 10 overseers, mechanics, 
blacksmiths, carpenter; besides there are: 

12 men in the crushing department, t? IT f m 

28 „ at the roasting furnaces, U O U 4 X 1 A 

12 „ at the precipitation vats, 

10 „ charging and discharging, 

8 „ loading and discharging purple ore, 

16 „ maintaining the material, 

43 »» as generals, 
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or 143 men in all. In the roasting department 32 tons < 
coal are consumed daily, or 400 kilograms per ton of ore, 
and 10 tons are burnt under the boiler. 

The loss of copper in these operations is as follows :— 

1. Loss through volatilisation in the roasting furnace. 

2. The copper contained in the residues (purple ore) 
amounting to 180 kilograms per 84 tons of ore, or 0214 
per cent. 

3. Copper lost in precipitation, namely, J kilograms per 
cubic metre of solution, or 077 per cent 

The cost of production at Hemixheim is as follows: — On 
the treatment of 120 tons of mixture of salt and minerals for 
24 hours, corresponding to 80 per cent, or 96 tons of ore. 
These calculations refer to one ton of roasted ore. 



a. Fuel . . . Coal For the boilers, 104 kilos at 

25 francs per ton, or 2'6o 

„ For the roasting operations, 400 kilos . to'co 

b. Reagents Salt, 250 kilos at 21 francs pet ton, or 525 

„ Iron, 50 kilos at 1 10 francs „ ,, 5'50 

c. Labour . Workmen of all description „ ,, 625 

„ Supervision „ „ 1.3s 

d. General Expenses. Various „ „ 2*57 

Cost per ton of ore 33.50 
From 96 tons of roasted ore there are obtained 3 tons of cement 

The same contains 0826 pure copper, and 

every month 90 tons cement copper are 

produced, or 74'30 tons pure copper. 

The daily expense on 96 tons at 33*50 

francs per ton 3216 francs. 

The daily production is 3 tons cement at 

0826 2\|7 tons pure copper. 

At ,£65 or 1625 francs per ton 2-47 tons 

represents 401375 francs. 

From which deduct expense as above . 321600 „ 

Which leaves a daily profit of . . 79775 „ 

Every ton of copper gives a profit . 323 ,, 

Eveiy ton of roasted ore gives a profit 8-31 „ 

By these figures it will be seen that the ores must be bought 
under S - 3i francs per ton to leave a profit, and taking the price 
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of the Rio Tinto ores as a basis, the ores from Vignoess are 
worth 4*15 francs per ton. 

Hunt and Douglas Process.* — This process is very similar 
to the Doetsch process, described at the beginning of Chapter 
VII. The theoretical reactions upon which it is founded consist 
in the transformation of the cupreous and cupric oxides by 
means of ferrous chlorides into cupreous and cupric chlorides, 
as shown by the following formulae : — 

1. In the case of cupric oxide : — 

6CuO + 4FeCl = 2Cu 2 Cl + 2CuCi + 2Fe 2 3 . 

2. In the case of cupreous oxide : — 

2CaO + 2FeCl = 2C11CI + 2Fe20 s + 2C11. 

3. In the case of metallic copper : — 

2Cu + 2C11CI = 2Cu 2 Cl. 

4. In the case of cupreous and cupric oxides occurring mixed 
in the ore : — 

6CuO + 3Cu 2 + 6FeCl = 3Fe 2 O s + 6Cu 2 Cl. 

The cupreous chloride Cu 2 Cl is insoluble in water, but 
soluble in salt solutions, and by decantation or filtration can 
be separated from the ferric oxide : — 

5. 6Cu 2 Cl + 6Fe = 6FeCi + 12C11. 

Theoretically 45 parts of iron are required to obtain 100 
parts of copper, as is shown by the following reaction : — 

6. 6CuCl + 6Fe = 6FeCl + 6Cu. 

In practice 90 parts of iron are consumed or double of the 
theoretical quantity. 

To carry out the process successfully, the copper ought to be 
present as an oxide and for this reason any sulphide ores must 
be first roasted, during which operation care must be taken not 
to produce the copper oxides at too high a temperature, as the 
ferrous chloride would not attack them. If the roasting is 
carried out at too low a temperature, copper sulphate is pro- 
duced, which goes into solution and causes a great consumption 
of iron during the precipitation. Carbonate ores before being 

* Compte rendu. Berg und Hilttenmannische Zeilung. United States 
Patent, No. 227,902. May 25th, 1880. 
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brought into contact with the solution have to be heated, so as 
to drive off the carbonic acid, as otherwise a great effervescence 
would ensue, causing mechanical losses. Ferrous chloride should 
always be present in excess, so as to keep the cupreous chloride 
in solution and to prevent the formation of cupric oxychloride, 
which would take place in contact with the air. 

The solution is prepared by dissolving 120 parts of sodium 
chloride in 1,000 parts of water and adding 2S0 parts of iron 
vitriol, which composition is sufficient to dissolve 90 parts of 
copper, provided the solution is maintained in a concentrated 
state and at an elevated temperature ; and to keep up its 
efficiency 200 more parts of sodium chloride are added. After 
the solution of salt and iron vitriol is prepared, the sodium 
sulphate which forms is allowed to crystallise out, and the 
resulting mother liquors are syphoned off and are ready for use. 
In practice, the process is carried out as follows : — 

The roasted ores are finely pulverised and are then brought 
into agitating vats and the solution is added, which is heated 
from 60 to So J C. and left in contact from 3 to 4 days, according 
to the strength of the solution and the copper contents of the 
ore. From 60 to 70 parts of copper should be dissolved in r.oco 
parts of water ; and after the solution is drawn off, fresh solutions 
are added and the stirring continued. 

In the precipitation tanks, the copper is precipitated very 
rapidly and it is not necessary to await a complete precipitation 
of the copper, as the waste liquors are used again for leaching 
fresh quantities of ore, and during the limited time the solutions 
are exposed to atmospheric influences only small quantities of 
basic salts are formed. 

During precipitation the following reactions take place : if 
cupric and cupreous chlorides are present, they will form in 
contact with iron, ferric chloride, 

2CliC! 2 + 2CuCl + 2Fe = Fe.C! a + 4Cu. 
which in presence of metallic iron is again reduced to 
FeXl, -f Fe = ^FeCl. 

The formation of oxychloride of iron cannot be prevented 
consequently a part of the chlorine gets lost, but this loss need 
not exceed 6 per cent, and for this reason an excess of sodium 
chloride should always be present in the solutions, and they 
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should be frequently tested to determine their contents in 
ferrous chloride. 

The cupric chloride has always a decomposing effect on 
copper sulphide. 

2C11CI, + Cu,S = 4CUCI + S. 

The cupric chloride also exerts a chloridising action on silver 
and silver sulphides ; and if this metal is present, it also goes 
into solution, and is precipitated by the copper, which in its 
turn is precipitated by iron. 

The small quantity of iron which is required for precipitation, 
is a great advantage in this process, and when working on a 
large scale amounts only to 70 per cent, of the quantity of 
copper produced. Theoretically one iron (56) precipitates two 
copper (2 x Gj"4= I26"S), causing a consumption in iron of 
126*8 : 56 = loo :x. 

x = 44'l6 iron for 100 parts copper. 
A chloridising roasting is not required, and the loss in copper is 
only 0'5 per cent., and the fuel consumption is small. 

The disadvantages of this process are, that the iron oxides 
clog the filters and render filtration difficult, and that the silver 
is only precipitated when all the cupric chloride is reduced to 
cupreous chloride ; also that the Claudet process cannot be 
employed for the precipitation of the silver when the solution 
contains cupreous chloride, as insoluble cupreous iodide is formed. 
According to Sterry Hunt, this difficulty can be overcome, by 
digesting the boiling solution with a soluble sulphide till all the 
copper is precipitated, when the silver with some copper remains 
in solution and can be precipitated by other means. The silver 
in case it precipitates as a sulphide, will be redissolved by the 
hot salt solution which contains cupric chlorides as it converts 
the silver into a chloride, which is soluble in salt solutions. 

To avoid these difficulties, the following modification has 
been introduced : after an oxidising and sulphatising roasting, 
the ores are leached with dilute sulphuric acid, to the solution 
after settling and clearing, sufficient common salt is added to 
convert half the copper into cupric chloride. Sulphurous acid 
is pressed into the cupric chloride solution, which precipitates 
the copper as cupreous chloride, according to the : 
formula? :— 

CuCL + CuSO, + SO, + 2H.O = 2C11CI + 2U.SO,. 



urecipitates 
following 
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The cupreous chloride is separated from the solution and 
well washed, pieces of iron are placed into it and covered with 
water, till all the copper is reduced, and the freshly formed 
ferrous chloride is added to the copper sulphate solution in- 
stead of sodium chloride. Any surplus of sulphur dioxide is 
neutralised by adding some of the original sulphate solution, 
and after the precipitate of cupreous chloride has settled, the 
remaining liquors are used again for dissolving fresh quantities 
of ore. In this way the original solution is constantly 
regenerated. 

When iron is expensive, milk of lime can be used as a 
precipitant, and on being boiled with the cupreous chloride, 
calcium chloride is formed. 

If there is any silver in the ore, the same is converted 
into a. chloride by the cupreous chloride in the solution, but 
it is not dissolved and remains in the residues, from which 
it can be extracted. The solution ought not to contain an 
excess of cupric chloride or sodium chloride, as both would 
dissolve the silver chloride, a portion of which would be pre- 
cipitated with the cupreous chloride when the sulphur dioxide 
is pressed in, and of course this portion of the silver would 
be lost unless the copper is clectrolytically refined. 

If the solution only contains cupric chloride; on pressing 
in sulphur dioxide beside the cupreous chloride, hydrochloric 

zdiCI. + SO, + aH,0 = 2C11CI + H,SO, -f 2HCI, 

acid is produced, which acid will keep silver chloride in solution ; 
and for this reason, in preparing the first solution, an excess 
of sodium chloride should be avoided. 

The metals of the zinc-iron group, which are present 
with the copper in the ore, also go into solution, but are not 
precipitated by the sulphurous acid gas, but they gradually 
become enriched in the solution and are eventually recovered. 
In the leaching of sulphide ores which have been roasted, the 
quantity of sulphuric acid gradually increases, and the same 
eventually becomes useless; the copper which the same contains 
is precipitated by sulphurous acid, and whatever traces of 
copper remain are thrown down by iron. 



CHAPTER IX. 

THE PRECIPITATION OF COPPER. 

Process of Precipitation. — The copper, according to the sol- 
vents which are employed, is present in the solution either as 
a sulphate, or as a cupreous or cupric chloride. The precipitant 
usually employed is metallic iron in any shape or form, and all 
the old scrap heaps collected over the surrounding country are 
employed for this purpose. The graphite contained in the iron 
separates in this process and forms one of the impurities of the 
cement copper. The precipitation of copper by means of iron 
makes it desirable that the solution should only contain a small 
quantity of free acids, or iron oxide salts, otherwise a large 
quantity of iron will go into solution before the precipitation 
of the copper takes place. 

Theoretically 888 parts of metallic iron are required to 
precipitate ioo parts of copper from copper sulphate and cupric 
chloride solution ; whereas 44*4 parts iron are required for a 
cupreous chloride solution ; but in practice the consumption is 
from 200 to 300 parts iron to 100 parts copper contained in 
sulphate solutions. The ferric sulphate in the solution de- 
composes in contact with the air into free sulphuric acid and 
ferrous sulphate. The free sulphuric acid dissolves iron, and 
the ferrous sulphate absorbs iron and becomes converted into 
ferric sulphate. 

The ferrous chloride contained in hydrochloric acid solutions 
absorbs iron and becomes converted into ferric chloride. The 
disadvantage of the formation of basic salts is that they render 
the resulting cement copper impure, and it is therefore necessary 
to purify the solutions from the acid and iron salts before 
proceeding to the precipitation of the copper, 
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To prevent the formation of basic iron salts, it is advisable 
to allow the brine to act on the ores till the same is neutral, 
and to proceed with the precipitation of the copper as quickly 
as possible. Cement copper oxidises very rapidly in contact 
with the air, so that when ready for the furnace, it does not 
contain more than 80 per cent, of metallic copper. 

It has also been proposed to neutralise the solution with 
lime, and to separate the basic iron salts by heating the same, 
or to reduce the ferric sulphate to ferrous sulphate by means 
of sulphurous acid ; but these methods have only a very limited 
application. If the solution contains silver, this metal can be 
precipitated by copper, potassium iodide, or hydrogen sulphide. 
Milk of lime precipitates copper as a hydroxide from a cupric 
chloride solution, and as a cupreous oxide from a cupreous 
chloride solution ; from sulphate solutions milk of lime pre- 
cipitates also a hydroxide, which is contaminated with sulphate 
of lime or gypsum. The precipitates produced by milk of lime 
are voluminous, and can only be smelted with great difficulty, 
and for this reason is not employed in practice. 

In solutions which contain copper chlorides, the greater 
the percentage of cupreous chlorides, the smaller will be the 
consumption of iron during precipitation. 

CuCl, + Fe = Cu + FeCL. 
Cq^CI, + Fe = 2Cu + FeCL, 

If the ores submitted to a chloridising roasting contained 
silver, the solutions will contain the same as silver chloride. 
At the commencement of the precipitation the silver is thrown 
down with the copper, and it is advisable to collect the first 
precipitates by themselves and smelt them separately. In some 
cases the silver is precipitated in separate tanks from the first 
solutions by means of hydrogen sulphide, potassium iodide, or 
the sulphides of the alkaline metals or earth. After settling, 
the solution is drawn off and the copper precipitated. 

The precipitation of the copper is facilitated by the heating 
of the solution, by agitating the same, or by exposing a large 
surface of iron. The heating can be done direct by means 
of steam, or by passing the same through pipes which are 
inside the precipitating vats. The agitation can be effected 
by means of stirrers, or by injecting compressed air, or by 
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establishing a circulation of the solution from one vat to the 
other, by arranging them in terraces one above the other. The 
vats can be lined with sheet lead, so as to protect the timber 
from corrosion. The precipitation is completed when a clean 
piece of iron immersed in the liquor does not become coated 
with copper. 

At Rio Tinto the sulphate solutions flow first into settling 
tanks, and from thence pass into the masonry precipitation 
vats, made of brick and covered with gypsum, coated with 
asphaltum or Portland cement. They are 78 feet long, 6 feet 
wide, and 3 feet deep, and are arranged in terraces, so that 
the solution can flow through a series of these vats. The waste 
liquors flow through a cement flume over a thousand yards 
in length, which has a fall for the first 2,000 feet of £ inch 
to the yard, but beyond that distance the fall is increased 
gradually from J to 1 inch per yard. The precipitation vats 
and flume are filled with iron ingots, and when the solution 
discharges from the flume, the same is perfectly freed of its 
copper. These waste liquors are pumped back from the 
collecting reservoirs and used again for leaching purposes on 
fresh ore charges, and the pumps which are utilised for this 
purpose are made of an alloy, composed of 80 parts copper, 
15 parts lead, and 5 parts tin. 

Owing to the presence of iron salts in the solution, the 
consumption of metallic iron is very high, and the cement 
copper is impure, owing to the presence of basic iron salts. 
It requires over 2 tons of iron to precipitate 1 ton of copper. 
After repeated cleanings, the cement copper only contains 60 
to 85 per cent, copper, and is called "Cascara." 

At Oker the precipitation of the copper takes place in 
vats, which are lead lined. The solution is heated with steam 
to hasten the precipitation of the copper by iron, and the 
heating has to be repeated according to the degree of con- 
centration of the solution ; on which also depends the time 
necessary for the precipitation, which may require from one 
to three days. One part copper requires one part iron, and 
the cement copper is cleaned up once a month. 

At Natrona, in Pennsylvania,* all the copper solutions are 
run into the settling and storage tanks ; the weak liquors being 

* " Mineral Industry," vol, viii^ p. i<yj % 
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pumped or blown back with steam injectors to the Hxiviation 
vats when required. Any solutions of 18° B. and upwards are 
left in the settling tanks until all the lead sulphate, etc., has 
settled out. The lead sulphate usually contains some gold, 
indeed an average of $100 per month is not an unusual re- 
covery in the plant, and it is therefore essential for the recovery 
of this, as well as for other reasons, that everything that will 
settle out of the liquors be given time to settle in these tanks. 
After the lead sulphate, etc., has settled out of the strong 
liquors, they are run into other tanks, and the copper, silver, 
and gold contents arc precipitated by means of clean, thin scrap 
iron from rolling mills. These tanks should have wooden slats, 
so placed as to form an open false bottom, about 2 feet above 
the real bottom, for the support of the scrap iron. 

Live steam being let in the liquor during the process of 
precipitation, the heat therefrom serves to accelerate the process, 
and also serves to keep the liquor in motion, and wash off 
the copper from the iron as fast as precipitated. The copper 
then naturally finds its way between the slats to the bottom 
of the tank, and when it is desirable to remove it, the remaining 
scrap iron can readily be removed from the false bottom 
practically free from cement copper. The cement copper on 
the bottom of the tank after washing through perforated cast- 
iron plates set in frames over separate collecting tanks assays 
90 per cent. Cu., 35 oz. Ag., and 0-15 oz. Au. per ton. The 
remaining chloride solutions arc then run into the sewer, first 
through a series of tanks in the ground, which arc filled with 
scrap iron, to recover any copper, etc., etc., that may be left 
in the waste chloride solutions and wash waters. 



Purification of Cement Copper from Arsenical Com- 
pounds.— Mr. F. Claudet patented an invention which had for 
its object the removal of the arsenical compounds from the 
cement copper previously to smelting the same. For this pur- 
pose he either treats the precipitated copper when in the wet 
state or condition, as obtained from the precipitating vats, or, 
when it exists in a partially or completely dried state or condition, 
with a solution of caustic or carbonated alkali, or with mixtures 
of the same. He prefers for this purpose to employ a solution 
of caustic soda, or a solution of carbonate of soda, or a mixture 
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of the same, which .solutions may be employed either 
ordinary, or at an elevated temperature. By this means the 
arsenical compounds existing in the precipitated copper are 
converted into soluble arsenical salts, which are removed from 
the precipitated copper by the alkaline solution, and by sub- 
sequent washing, either with hot or with cold water. The 
precipitated copper is moistened with a strong alkaline solution, 
and then heated in a muffle furnace to dryness. Arsenical 
compounds arc thus formed, which are then removed as soluble 
arsenical salts, by lixiviating the heated moisture with water at 
an elevated temperature. 

At Agardo, in Italy, a large quantity of iron oxide salts, 
known as " brumini," precipitate with the cement copper, and 
Zoppi* reduces these salts by treating the solution with sulphur 
dioxide (sulphurous acid), whereby iron is saved in precipitating ; 
the arsenic acid present is reduced to arsenious acid, and the 
arsenic is precipitated in the metallic state by iron, in which 
condition it can be washed away and separated from the cement 
copper. Zoppi erected a chimney near the precipitation vats, 
which is 9 metres high, and to a height of 4'5 metres has 
12 horizontal partitions which only partially traverse the 
chimney, and by means of a pump the solution passes through 
this chimney in a shower and is then led into the precipitation 
vats ; opposite the chimney are two kilns, and the sulphurous 
acid generated is drawn upward into the chimney and reduces 
the iron oxide salts. Any sulphuric acid which is formed in 
this operation condenses, and passes in the solution which 
dissolves some iron, but the quantity is very small in comparison 
to former losses of this metal. 

The precipitation vats were constructed of timber on brick 
foundations, and they contained a heating apparatus made of 
an iron frame, but covered with sheet lead, as shown in Fig. 14 
The vats are called caldajc, and the apparatus consists of a 
bell, b, fitting water tight at the bottom of the vat, a ; through 
the chimney, b', fuel is introduced on the grate, f, b' being 
closed with a cover when not in use ; and the tube, c', com- 
municates the bell, b, with the box, c, where the warm air 

* Berg wid Hiittenmaunisciie Zeitung, 1876, p. 363; "Annates des 
Mines," 1876, ii. X\v p. 190; Wagner's jahresbericht for 1877, p. 171; 
Die Metallurgit, Balling, Berlin, [885, p. 239, 
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circulates and at d escapes into the ventilator, h, which also 
carries off the steam from the solution ; e is a tube for cleaning 
out any flue dust ; g is the timber on which rests the iron 
for precipitating purposes ; / is the ash pit, * is the pipe for 
the introduction of the solution ; k, the pipe for the discharge 
of the solution after precipitation ; m, the wooden framework 
on which the vats are built up; «, boards for covering the 




Fig. 14. — Italian Heating Apparatus for Precipitation of Copper. 

vats. The solution should cover the heating apparatus. Each 
caldaja has a length of 4 metres, is 3 metres wide, and ["J 
metres high ; there is placed 7,000 lb. iron into each, and the 
solution is heated to 34° R., and this temperature is maintained 
for 3 days, on the fourth day the temperature is raised to 
38 , and on the fifth day to 40" R., and 500 lb. fresh iron 
is introduced ; the solution remains quiescent for 24 hours at 
a temperature of 35°, and the iron sulphate solution is with- 
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drawn into crystallising kettles. The cement copper is collected 
in the usual manner. The caldaja is heated with peat, and 
100 lb. copper require 10 to 12 cubic metres of peat; the con- 
sumption of iron, which for each part copper used to be 327 
iron, is now reduced to 2*5 parts iron, and as no basic salts 
are present the production of vitriol has increased. One of 
Zoppi's apparatus reduces in one month as much solution as 
was formerly required for 40 cementations, and the loss of 
copper has fallen from 16 per cent, to 76 per cent. 

Precipitation by Electrolysis. — The question naturally 
suggests itself, why copper should not be electrolytically pre- 
cipitated, seeing it is refined so economically and successfully 
by means of electricity in so many establishments ; but there 
is little analogy between the precipitation of copper from 
solutions and the refining of copper by means of electricity. 

In refining copper the work to be done by the electric 
current is simply to transfer the copper from one pole of the 
cell to the other. This requires a current of very low voltage. 
In the case of decomposing a solution of copper sulphate, or 
other copper compound, the current must not only transfer the 
copper, but Also break up the compound. The practice of the re- 
fining of copper on a large scale has demonstrated that 2\ pounds 
of copper are refined per horse power per hour. In precipitating 
copper, only about a quarter of a pound of copper is precipi- 
tated per horse power per hour. Thus when a comparison is 
made as to cost, it will readily be seen that nearly ten times 
more power is required for precipitation than for refining. 
Comparing labour in both cases, it is found that in precipitation 
work it is about one-and-a-half times that of refining ; comparing 
the total cost of precipitation with that of refining, it is about 
six-and-a-half times greater. The cost of refining copper by 
electrolytic process being about £2 10s. per ton, the cost of 
precipitation would be about £16 per ton, and consequently 
prohibitive. 



CHAPTER X. 

THE REFINING OF CEMENT COPPER. 

Where Refining is Necessary. — The cement copper i 
mixture of metallic copper with basic iron salts, metallic iron 
particles, graphite, silica, antimony, arsenic ; the same is washed 
first for the purpose of freeing it from its impurities. If the 
cement copper is pure, it is refined directly, otherwise it is 
melted first in the reverbcratory furnace and then refined. If 
very impure, it can be mixed with raw ores and smelted for 
matte. In case the cement copper contains a large percentage 
of carbon, it has to be heated first to a red heat in a rever- 
beratory till the carbon is burnt, by which a portion of the 
copper becomes oxidised. The same operation is employed 
with copper which contains arsenic, so as to drive the same 
away as arsenious acid. 

The smelting of arsenical cement copper is best carried out 
in rcverberatorics, with a basic hearth lining ; as not so much 
copper is slagged off; but in most cases it is smelted in the blister 
furnace. Owing to its bulk it is sometimes pressed into bricks. 

The refining consists in an oxidising smelting, which is 
followed by the reduction of the cupreous oxide, and these 
operations are repeated till refined copper is obtained. The 
refining furnaces are very similar to the English reverberatories 
and two bottoms are smelted in ; the upper one is thoroughly 
saturated with repeated small charges of metallic copper, which 
should be of the best quality. 

Besides the working doors, special openings are made on 
both sides of the furnace for admitting the necessary air, and 
in some cases a blast of compressed air is employed, especially 
when dealing with impure copper. 
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The refined copper is ladled out of the furnaces and cast into 
ingots. The working door is near the flue, so that the cold air 
which enters by it can go up the chimney and has no cooling 
effect on the metal bath. 

The best fuel for the purpose is wood, as the combustion 
gases do not contain any sulphur and do not exert a bad 
influence on the metal bath ; bituminous coal is employed where 
wood is not obtainable. 

The furnaces used for this purpose are strongly built, and 
thoroughly bound together ; below the skimming door, which is 
at the chimney end, there is a heavy cast-iron plate ; sometimes 
the entire bottom and sides of the furnace are incased in cast- 
iron plates. 

The refining process takes about 24 hours, and is a very 
laborious operation which has to be carried out by skilled and 
experienced workmen. 

The charge boils constantly, owing to the escape of anhy- 
drous sulphuric acid, which is present if the copper has been 
precipitated from sulphate solutions, and this ebullition stirs up 
the molten mass even better than rabbling would, causing fresh 
surfaces to be presented to oxidation ; suboxide of copper forms 
and exerts a powerful action upon the metalloids present, and 
which have a greater affinity for oxygen than for copper. 

By continued rabbling and skimming, the injurious impurities 
are oxidised and removed either in the slag, or by volatilisation. 
When this point has been reached, the oxidation is concluded, 
and the molten bath of copper contains considerable suboxide, 
and to convert the latter into metallic copper, reduction must be 
resorted to. This is effected by covering the surface with 
charcoal and burying a long pole of green wood in the molten 
copper; large volumes of hydrocarbons and other reducing 
gases are thus evolved ; which rapidly remove the excess of 
oxygen. This process is termed "poling." 

When all the suboxide has been reduced, test samples taken 
from the furnace show a fibrous texture and silky lustre of a rose 
red colour, and the sample ingot does not contract on cooling, 
that is, the top remains flat. The copper has then reached its 
proper " pitch " and is ready for ladling. 

Ladling is done as rapidly as possible, so as not to give the 
copper time to change its pitch ; the fire should be. ^reivcra^? 
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attended to and everything arranged so that during ladling 
there will be an equally balanced oscillation between oxidising 
and reducing action in the furnace. 

It takes very little to throw copper out of pitch, and any 
change is immediately shown by the appearance of the ingots. 
If, on cooling, the ingots contract, leaving a depression in the 
centre, it indicates that suboxide is forming, and ladling must 
be stopped and the charge poled a little; short sticks of green 
wood thrown on top of the copper assist in the reduction. If, 
on the other hand, the surface of the ingots rise and become 
convex, then the charcoal must be pushed back from the ladling 
door, and the charge rabbled. It only takes a few moments to 
bring the copper back to its proper pitch, and it is here that 
skilled labour is indispensable. 

The size of the refining furnace must not exceed a certain 
limit, as it would be difficult to maintain during the ladling large 
quantities of copper at the same pitch. Large furnaces hold 8 
to 10 tons and the largest 12 to 15 tons. 

At Kadabek, in Russia, the refining furnaces are operated by 
naphtha, vaporised by compressed air. The refining is carried on 
in the usual way, except that air is blown on the copper bath 
to accelerate the oxidation. When the copper is impure the 
poling is discontinued, and the oxidation is carried beyond the 
cessation of ebullition, and then the copper is poled until it is 
tough. The consumption of naphtha per 100 lb. of pig is 33 lb. 
(330 kilograms per metric ton). 

Purification of Cement Copper at Rio Tinto."— The 

cement copper (or cascara) produced at these mines contains 
from 25 to 35 per cent, of impurities and the same is submitted 
to a mechanical preparation, after being first washed in tubs 
with very dilute sulphuric acid, to dissolve the ferrous salts. 
The cascara is then shovelled into inclined sluices with iron 
rifle bars in the bottom, so as to collect any pieces of iron which 
may be mixed with the cascara. These large pieces are sorted 
out by women and washed with acidulated water, and whatever 
copper is collected from them is added to the main mass of 
cascara. After the cascara has been sifted, the same is divided 
* "Annates des Mines,'' tome xvi. " Memoite sur ['Industrie du Cuivre 
dans la region d*H Hueh*a," par M. L. de Launay. 
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according to its density, in a sort of Long Tom by a current of 
water, where three grades arc deposited : 

a. La cascara cement (copper). 

b. La grafita (scales of carbon and graphite from the pig iron). 

c. La pucka (a sort of black mud). 

a. La cascara is passed through a cylindrical sieve to be 
washed by means of a current of water which separates it into 
two parts ; namely La Grafita, which remains in the cylinder 
and is added to b, and the pulverulent copper, which passes 
through the sieves. 

This purified copper is then passed through a stamping 
battery and is carried by a current of water into troughs full of 
water, where a new separation, according to their density, takes 
place. Two products result from this operation : namely, copper, 
which is sent to the drying room to be dried and packed ; and 
La Pucha. 

b. La grafita is placed on jigging machines, which separate 
the copper in the sieves, and the grafita, which is sent to the 
smelting furnace to be incorporated with the rich ores which 
are smelted there in blast furnaces. 

c. La pucka or the finest portion resulting from these opera- 
tions, goes to the round buddies, which arc convex and have 
a diameter of 3 metres 5 centimetres. A certain portion of 
copper separates in the centre, and the pucha, which is moulded 
into balls and dried, goes to the smelter. 



Refining" Furnaces at Mansfeld.* — These furnaces— shown 
in Figs. 15 and 16 — are used for the refining of the residues 
from the Ziervogel extraction process, composed of copper oxide 
with some iron oxide. These are mixed with the necessary 
quantity of fine coal for their reduction. The charge is from 
5 to j\ tons, and in the first portion of the process the copper 
is reduced, and after that it is refined. 

There is an opening at c, for the introduction of the charge ; 
the hearth is made of quartz, which is smelted down with 
the admixture of some slags ; r, is the fireplace ; d, the stoke 
hole ; /, the flue ; c, a working door for the introduction of large 
pieces of copper ; b, the working door through which the copper 

* " Handbueh der Metallhilttenkunde," von Dr. Carl Schnabel. Julius 
Springer, Berlin, 1894. 
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is ladled out ; e, e, are two openings for the introduction of a 
which is regulated by means of closely fitting stone dampers. 

Copper Refining: at Pittsburg. — The subjoined illustra- 
tions — Figs. 17, 18, 19— show a copper refining furnace in use 
at Pittsburg, Pennsylvania: a is the fireplace ; b, the stokehole ; 




Figs. 15 and 16.— Mansfield Refining Furnace. 

m, the fire bridge ; c, the hearth ; d, the charging door ; e, the 
working and ladling door ; and /, the flue. 

Boston and Colorado Refining Furnace. — In Figs. 20 

to 24 is shown a refining furnace employed for cement copper 

at the Boston and Colorado Smelting Works. # The fireplace 

* Eggleton, " Metallurgy of Gold, Silver, Mercury," page 143. 




Transverse Section. 
Fig. 19. — Pittsburg Refining Furnace. 
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5 feet long', and 28 inches wide at the top of grate. The 
grate has the same length, but is only 17 inches wide. The 
bridge is 2 feet wide. The laboratory is 6 feet 4 inches long, 
and 4 feet 4 inches wide, and has two doors, one at the 
end, which is the charging door, and one on the side, which 
is the working door. Just over the bridge, Fig. 20, there are 




Refining Furnace. 



two rows of openings, i, for the introduction of air, these are 
covered with a hood to prevent the introduction of foreign 
substances. The furnace connects with the chimney by a 
flue, which is 2 feet square. The fireplace has 11*65 square 
feet, and the laboratory 2179 square feet, so that the relation 




Rsvinikr Furnace. 

ixed with 50 lb. of refuse charcoal is put in at 6 p.m. The 
fireman keeps up the fire during the night, and the refiner takes 
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it at 7 a.m., and then skims off the slag and exposes the surface 
of the bath. Considerable sulphurous acid is given off, probably 
from the reduction of the sulphate of iron in the cement copper. 
The charge is worked for a "set" which takes three to four 
hours. This is done by striking the surface with the rabble 




and making waves. This is called beating the copper. The 
copper produced contains from two to three per cent, oxide of 
copper dissolved in it, but is not refined any further. 

Bridgman's Copper Refining Furnace. — Messrs. Fraser 
& Chalmers show in their catalogue a well designed refining 
furnace, designed by Mr. H. L. Bridgman. It is illustrated 
here in plan and section in Figs. 25, 26. 



CHAPTER XI. 

THE ELECTROLYTICAL TREATMENT OF 

COPPER ORES. 

In the practical application of electro-metallurgy it has not 
hitherto been found profitable to treat copper ores direct by 
electrolysis, or even coarse metal or ordinary matte ; but as 
Messrs. Siemens and Halske and C. Hoepener claim that they 
can accomplish this with substantial financial success, the speci- 
fications of their methods will be given in the present chapter. 

Siemens and Halske's Electrolytical Process.*— Copper 

has been produced electrolytically up to the present, by em- 
ploying as anodes plates of impure copper or matte. On the 
anode, copper and iron are dissolved, and copper is precipitated 
on the cathode. The solution becomes impoverished, and has 
to be replaced by fresh solutions, which are prepared from ores 
with difficulty and with great expense. The preparation of the 
anodes from matte requires a previous smelting operation of 
the roasted sulphide copper ores ; the casting of the anode 
plates is difficult and uncertain, and the electrolytic process is 
interrupted through the breaking to pieces of the anode plates. 

The process now to be described consists in employing 
a solution in connection with insoluble anodes, and to separate 
by means of a non-metallic diaphragm the anodes from the 
cathodes. The solution to be electrolysed consists of iron vitriol 
and copper vitriol, to which some sulphuric acid is added, which 
assists the conductivity of the solution. 

The solution is introduced in the bottom of the cells, and 
rises gradually, whereby a portion of the copper is deposited on 

* German Patent issued September 14th, 1886. No. d^iAV 

121 
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the cathode by means of the electric current, and then flows 
over the edge into the anode cells, and runs out at the bottom. 
See Figs. 27 and 28. 

During this operation the ferrous sulphate is first converted 
into basic ferric sulphate, and as the same takes up sulphuric 
acid from the decomposed copper vitriol, it changes into neutral 
ferric sulphate, which, owing to its higher specific gravity sinks 
to the bottom. The solution which flows off is poorer in 
copper, and consists of a solution of neutral ferric sulphate. 
This solution has the property to convert subsulphide of copper, 
sulphide of copper, copper oxide into copper vitriol ; and, during 
this reaction, the ferric sulphate is reduced to ferrous sulphate, 
and the liberated oxygen oxidises the copper sulphides. 
During the preliminary roasting of the copper sulphides at a 
low temperature a product has been obtained, in which the 
copper is present as a subsulphide, the iron as an oxide, the 
last is a form, in which it is not attacked by ferric sulphate, and 
only very slightly by sulphuric acid, whereas the subsulphide of 
copper is easily dissolved by means of ferric sulphate solutions. 

The process consists of the following operations : — The pul- 
verised ores are roasted at a moderate temperature, preferably 
in the Gerstenhofer furnace, till the iron is completely oxidised 
whereas the copper is present, partly as cupric sulphate, partly 
as cupric oxide, but mostly as subsulphide of copper. The 
roast product is first leached with the solutions which run off 
from the electrolytic vats. 

The lixiviation is best carried out by passing the solution 
from one vessel to another, and in this manner the same 
becomes charged with copper vitriol, and does not contain any 
ferric oxide, and is pumped up into the electrolytic vats, where 
the copper is precipitated and the solution oxidised, and is then 
ready to be passed again through the filtering vessels, which 
contain the roasted ore. This is a continuous process, in which 
the solution can be employed till the same becomes impure 
through the foreign metals contained in the ore, which then 
renders the solution unfit for galvanic precipitation. 

The chemical reactions which take place during the electro- 
lysis and the lixiviation are shown in the following equations : — 
1. Formula of the electrolysis — 

*H,S0 4 + 2CuS0 4 + 4FeS0 4 = 2C11 + 2Fe(SO^xR^O„ 



124 HYDRO-METALLURGY OF COPPER. 

2. Formula of the lixiviation— 

a. x H,SO, + Cu,S + 2Fe,(SO,) , = 2CuSO, + 4FeSO ( + S + r H,SO,. 

$. CuO + H,SO, = CuSO, + H,0. 

y, 3Cu + Fe^SO,), = 3C11SO, + Fe,O r 

8. CuO + 2FeSO, +- H,0 = CuSO, + (FejO, + SO,) + H.. 

In comparing the formula; 1 and 2a, it will be seen that 
when the ore contains the copper as a subsulphide, the solution 
after passing the filtering vessels will contain the same quantity 
of copper vitriol, iron vitriol, and free sulphuric acid as before 
the electrolysis, and is therefore completely regenerated, and 
can be employed for the electrolysis. If the copper is partially 
present as an oxide, it will be seen from the equations 2 f3, y, 8, 
that in this case after the lixiviation the electrolytic solution is 
richer in copper, but poorer in iron and free sulphuric acid, as 
the same has been before the electrolysis. 

Instead of roasted ore, unroasted matte can be employed, in 
which the copper is present as a subsulphide. In this case not 
only copper but also iron is dissolved, so that a constant solution 
of iron and copper could not be maintained. 

It has to be mentioned that in this process no polarisation 
takes place, and whereas, when matte anodes are employed, 
there is a potential difference of rj volts consumed, only a 
tension of about 07 volts is required with the same current 
density ; and it is also noticed that no loss of current takes 
place in this process, whereas one-third of the current is lost in 
the other process. 

The same system can be utilised for the extraction of zinc 
from zinc sulphide ores, by employing a solution of zinc vitriol 
and iron vitriol. There is formed in the electrolytic decom- 
position cells, zinc and iron sulphate, according to the following 
equations : — 

ZnSO, + 2 FeSO, = Zn + Fe^SO.V 

The solution of iron sulphate has the property to dissolve 
zinc from ores which are slightly roasted, forming zinc vitriol 
and iron sulphate according to the following equation : — 
ZnS + Fe 5 (SO,) s = ZnSO, + 2 FeSO, + S. 

A comparison of this with the previous equation demonstrates 
that, alter the lixiviation of the slightly roasted zinc ores by 
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means of the electro lytic ally oxidised solution, zinc and iron 
are present in the same proportion, as they were prior to the 
electrolysis. The potential difference between the anode and 
cathode in the electrolytic bath is about twice as much as in the 
copper process, owing to the tension difference between the zinc 
and carbon. 

To insure a rapid circulation through the cells, which is 
essential for the success of the operation, the cells are placed 
in terraces (see Fig. 28), and the cathode divisions K x K 2 K 3 are 
put into communication with one another by the syphons 
k\ k% A 3 as well as the anode divisions A\ A% A 3 by means of 
the syphons /i, /i t h%, and to maintain a uniform level in all the 
vessels independent of the flow, the ends of the syphons at a. 
are turned up for a length which is equal to the difference in 
height and of each of the succeeding vessels. 

The claim made in the patent is: For the electrolytic separa- 
tion of copper and zinc, the lixiviation of the pulverised, roasted, 
or fused sulphide ore by means of ferric sulphate, which is 
produced in the solution itself, as the flow of the electrolyte, 
which is composed of copper or zinc sulphate and ferrous 
sulphate, is conducted in such a manner, as to pass first through 
the cathode cells, where the copper and zinc is precipitated, and 
then through the anode cells, which are separated by non- 
metallic diaphragms, and by means of electrolytic insoluble 
anodes the ferrous sulphate is converted into ferric sulphate 
and is now ready to be passed through the vats containing the 
ore, whereby the regenerated solution is prepared to go through 
the cathodes again. 

Siemens and Halske's Modified Process.* — For dissolving 
the copper out of the pulverised ore, small and shallow troughs, 
T, are employed, made of wood or other suitable material lined 
with lead, which are provided with two wooden cylinders, A, 
arranged along the longitudinal axis of the troughs, and revolv- 
ing in opposite directions, which act as stirrers and agitators, 
sec Fig. 29. 

As these cylinders run in opposite directions, they cause 
the solution to assume a rotating motion, which keeps 
particles suspended. To assist the solution of the metals 
* German patent No, 48,949, issued on Jsmuai-^ ^iA, 
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Fig. '30.— Thoughs Arrakged in 5erii5. 

temperature of the bath is regulated by injecting steam through 
lead or copper pipes placed along the troughs. 
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To save space these troughs are arranged in series, as shown 
in Fig. 30, which represents a plan of a whole series arranged 
in a zigzag form. The cylinders are provided with stirrers, 5, 
and motion is imparted by means of waterproof belts. The 
copper tube, D, passes through all the troughs for maintaining 
the temperature in the bath. 

In the preceding patent, the electrolytic cells had been 
divided into two (positive and negative) compartments by a 
membrane ; but these membranes are liable to become torn 
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Fig. 31. — Section of Trough. 
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Fig. 32. — Bottom of Trough, Showing Anode. 



during electrolysis. The membranes have either too high an 
electrical resistance, or else they are not sufficiently durable, 
for they stretch and allow the solutions to escape either by 
diffusion or permeability. The following sketches (Figs. 3 1 and 
32) show an electrolyte cell in which these evils are remedied. 

A flat vessel, G, made of wood or other suitable material, 
and coated with lead, is provided with a perforated false 
bottom, Z, on which the anode, K, is extended. The anode may 
consist, either of perforated lead plates covered with small 
fragments of retort carbon, or finally, of deeply catt^g&£& \«^ 
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plates containing perforations to allow of the passage of the 
electrolyte. 

The horizontal anode is provided with the necessary electrical 
connections and is covered with a layer of some filtering 
material, R, that may serve to prevent the escape of the solution 
surrounding the anodes. The filter may be of felt or any 
other suitable organic or inorganic material. 

The cathodes consist of the surfaces of the cylinders a u a 3 , a Sl 
which are quite covered by the electrolyte, and are constantly 
maintained in slow revolution by the waterproof belts, S. 




Fig. 33.-PLAN, Showing Cathodi 



These cylinders may be made of a wooden case coated with 
cement, or other material, and surrounded with a conducting 
material, which is electrically connected in any suitable way 
with the journals of the cylinders and the conductors, a. 

The regenerated solution, consisting of copper and ferrous 
sulphate solutions, is conveyed in a continuous stream into the 
liquid, which is already covering the cylinders. The rotation 
of the latter effects the continual mixture of the solution down 
to the partition separating it from the anode department. The 
tube, «, conveys the solution from the space beneath the filter 
at the same rate as the regenerated liquor is run into the upper 
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compartment through C; and there is, in consequence < 
a constant but slow transference of the electrolyte through the 
filter from the cathode to the anode compartment. On the 
anode, the ferrous salt is reconverted into ferric sulphate by 
the liberated oxygen, and the ferric salt, having a higher specific 
gravity, sinks to the bottom, and is at once carried away through 
m, so that by properly regulating the inflow of liquid, the 
strength of the current, and the quantity of copper and iron 
in the solution, the result of the process should be, that the 
electrolyte in the upper compartment loses some two-thirds 
of the copper contained in it, while in the anode portion the 
whole of the ferrous salt is peroxidised to the ferric state. 
The solution is uninterruptedly conveyed from the anode cell 
to the extraction tank, and after acting upon the pulverised 
ore, it circulates through the whole system again. 



C. Hoepener's Cuprous Chloride Process.— This method 
of using a chloride solution is based on the following well-known 
facts :— 

Copper, silver, lead, and other metals are much more readily 
dissolved by a chloride than by a sulphate solution- 
Chloride solutions are better conductors of the electric current. 

They arc also commercially cheaper. 

A definite quantity of water will dissolve a much greater 
weight of any metal in a chloride state than this metal in any 
other combination. 

Chloride solutions are also applicable to the extraction of 
gold. 

They entirely prevent copper from becoming contaminated 
with sulphur or sulphates. 

They allow the purification of the solution and the keeping 
of it perfectly free from iron, arsenic, antimony, bismuth, etc. 

They will extract and allow an economic production of lead, 
zinc, silver, etc,, and also of other valuable by-products. 

The process is as follows : — 

The ore, ground to a fineness of about 90 meshes, is auto- 
matically conveyed to the leaching drums, which have a capacity 
0,000 to 30,000 litres. Here it is mixed with a heated 
solution of cupric chloride, which contains before entering the 
grams of copper to the litre, is saturated with, c 
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lit or chloride of sodium, and is left in contact with the < 
from two to six hours, according to the nature of the treated 
mineral. Above the leaching drums is a tank filled with the 
necessary quantity of hot liquor to allow of continuous work. 

The lixiviation takes place in two consecutive steps. At 
first, in one of the drums fresh cupric chloride solution is added 
to the ore that has been previously treated with the cupric 
chloride solution, to extract any remaining copper or other 
metals ; then it is drawn off to another drum containing fresh 
ore. Here the cupric chloride solution is entirely reduced to 
cupreous chloride. After all the economic metals have been 
extracted from the ore the residue is taken out of the drums 
by means of a sand pump, transferred to filter presses, washed, 
and then dropped into cars and carried away. These tailings 
in careful work do not contain more than 0'2 per cent, of copper, 
and in many instances the percentage of copper remaining is 
even less than this. 

The solution, after having been completely changed to the 
cupreous state in the drums, is drawn off into vats, allowed to 
clear, and then purified. Silver is precipitated by finely divided 
copper ; lead, by the solution becoming cold ; arsenic, antimony, 
bismuth, iron, etc., are precipitated either by oxide of copper 
or by lime. 

The solution is now quite pure and contains 120 grams 
copper (as cupreous chloride) per litre, which is twice as much 
as its contents before extracting the copper from the ore. 

The liquor now flows in two separate streams to the anodes 
and cathodes of the electrolytic baths. The one which passes 
along the cathodes deposits its copper on them in rose-coloured 
crystals and flows at last from the baths wholly or partly freed 
from the copper. The other stream which passes the anodes 
retains its copper, but chlorine in the nascent state converts 
its cupreous chloride into cupric chloride. After it leaves the 
baths this stream is usually mixed in a suitable tank with the 
stream coming from the cathodes. Since the latter solution has 
lost its copper, while the former has kept its 120 grams per litre, 
the mixed solution therefore now contains again 60 grams per 
litre in a state of cupric chloride. The original state of things 
has been re-established, that is, the solution is pumped back 
to the tanks above the leaching drums, heated, and returned 
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to the latter to perform its work anew. The transferring of 
the solution from tank to tank is conveniently accomplished, 
either by means of a vacuum or compressed air machine. When 
the pure copper or cathode deposit is thick enough for removal 
the cathodes arc taken out and replaced by new ones. 

The electro -motive force required for the deposition of 
copper from a cupreous chloride as a ferrous sulphate solution 
by electrolysis is theoretically o - 5 volts, and practically 06 to 
08 volt. From a copper sulphate solution one ampere pre- 
cipitates per hour not more than I"l8 gram of copper, while from 
a cupreous chloride solution one ampere per hour precipitates 
twice the quantity, because one molecule of cupreous chloride 
contains double as much copper as one molecule of sulphate of 
copper. With 06 volt 1 horse-power produces per twenty- 
four hours as much as 60 kilograms, or 133 pounds of copper. 
This is, of course, the case only when comparatively large 
cathode surfaces are used. These in European practice arc 
generally about one square metre per 25 amperes, or about one 
square foot per 3 amperes. 

If steam power should be very expensive, as it is in some 
parts of the United States, it is advisable to use large surfaces 
of cathodes, and to electrolyse with low voltage. On the other 
hand, where power and fuel arc cheap, it will be better to run 
with higher voltage and greater density of current, and thereby 
save considerably in cost of plant. This process allows a 
tenfold density of the current which is generally used in Europe 
and this not considering that, with the cupric sulphate electrolyte, 
only ri8 gram of copper is precipitated per ampere, while 
with the cupreous chloride 2-36 grams per ampere are deposited. 
American refiners frequently run 10 amperes per square foot, 
instead of 2 or 3, as in Europe ; but even compared with 
American practice, this chloride process can precipitate five or 
six times the quantity per square foot. Another advantage is 
that it extracts the copper directly from the ores, or low g 
of mattes. 

For lixiviation revolving drums are used made of wood, 
which do not require much motive power. The electrolytic 
baths consist of wood, and their partition construction permits 
a perfect and independent circulation of the solution essential 
to this process. The anodes are insolub\e, avA c& ■awOa. csi-kv- 
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position and quality that they will last for many years. Siem 
and Halskc, in their analogous sulphate process, claim that the 
depreciation of the carbon anodes does not amount to more 
than 10 per cent, a year. In a chloride of copper solution 
these anodes are even less liable to such a depreciation, owing 
to the fact that chlorine does not combine with carbon. 

The residue is sometimes valuable on account of its gold 
contents or its free sulphur, In the former case the residue 
should be roasted alone, or with the addition of salt, and then 
lixiviated with a chloride solution containing free chlorine. 
Large quantities of limestone or iron carbonate in the ore 
interfere with the leaching process. 

It is claimed that this is a better and cheaper electrolytic 
process, and especially adapted to localities where fuel and 
labour are expensive, and where it is desirable to produce pure 
copper from the ores or mattes. The following calculations 
show this : — 

One horse-power in low voltage baths can produce up to 
60 kilos of pure copper per day. Assume an ore containing 
5 per cent, copper, and a steam engine of 100 horse-pbwer, 
consuming 125 kilos of coal, and evaporating 1,000 kilos of 
water per hour. This is equivalent to 3 tons coal per 24 hours 
and 800 x 24 = [9,200 kilos of waste steam, which is certainly 
sufficient to heat the leaching solution. Assuming a daily 
production of 4,000 kilos copper, the 70 tons of cupric chloride 
solution would be required for its extraction. 

For pumping and raising the solution, residue, mud, etc. 
not more than 6 horse-power per 24 hours will be required ; 
the power necessary for driving the revolving drums for agitating 
the solution will be about 8 horse-power per_24 hours, or a 
total of 14 horse-power will be required for continui 
lixiviation during 24 hours. As there are too horse-power to 
dispose of, this leaves 86 horse-power for the electrolytic pro- 
duction of 4,000 kilos or 4 metric tons of copper. As 1 horse- 
power can produce 60 kilos copper per day, therefore, with 
86 horse-power, 86 x 60 = 5, 160 kilos, or certainly 4,000 kilo; 
can be deposited. These figures show that 4 tons of copper 
can be produced with 3 tons of coal, or, with a fair allowance, 
1 ton of copper from 1 ton of coal. 



CHAPTER XII. 
THE MANUFACTURE OF COPPER VITRIOL. 

At most establishments copper vitriol forms a by-product, and 
is generally obtained as the result of the separation of the 
precious metals from copper. Cement copper is not largely 
employed in the production of copper vitriol. Dilute sulphuric 
acid is employed as a solvent ; it does not dissolve silver, gold, 
or lead. When matte is to be converted into copper vitriol, 
it is either treated direct, or by repeated smeltings is converted 
into metallic copper, which is granulated, and the granules are 
subjected to the action of air, and warm dilute sulphuric acid. 
The copper is oxidised by the air and dissolved by the acid, 
and yields a copper sulphate solution which is crystallised 
into a reasonably pure product, and mud residues which contain 
silver, gold, and impurities. A description of the process as 
carried out at various establishments may be given here. 

Copper Vitriol Manufacture at Freiberg, Saxony.* — 

Copper sulphate is produced at the Muldenhiitten and Hals- 
brucke from two sources — 

1. Copper matte. 

2. The cupriferous solution resulting from the precipitation 

of silver obtained in the parting process. 

The concentrated matte, carrying from 70 to 75 per cent, of 
copper, and never more than 020 per cent. Fe, is dead roasted 
in reverberatory calciners and shelf burners ; a charge of from 

* From " Mineral Industry," vol. v. : a Copper Sulphate Manufacture 
at Freiberg, Saxony," by Albert Doerr, p. 225. 
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1,100 to i, 600 lb. being thoroughly roasted in sixteen to twenty 
hours. Towards the close of the roasting, tests are made to 
ascertain if all the Cu 2 S has been oxidised to Cu*0. For this 
purpose a small portion of the matte is treated in a beaker with 
HNO s ; so long as brown fumes are given off, the matte is not 
thoroughly roasted. After the roasting is finished, the matte is 
ground in a ball mill and passed through sieves, the fines going 
to the leaching vats and the coarse back to the roasting furnace. 

The leaching vats, which are lined with hard (antimonial) 
lead, arc 1*5 metre high and V2 metre wide. They are first 
charged with 440 lb. chamber acid (about 50 B.), water, and 
about 880 lb. of solution from previous lixiviations. The liquor 
is heated by steam, after which 220 lb. of the dead roasted 
matte are gradually added, the liquid being meanwhile con- 
stantly stirred. In from forty -five minutes to an hour, the Cu s O 
is completely dissolved. After being allowed to settle, the 
solution is drawn off into filtering vats and thence to the 
crystallisation vats. The latter are made of wood lined with 
hard lead, and will hold about 2\ cubic metres of solution. 
Strips of hard lead are suspended in the solution from cross- 
pieces on top of the vats, to give more surface for the crystals 
of CuS0 4 + 5H2O to deposit on. After 8 to 10 days the 
crystallisation is considered finished, and the strips of lead, 
now quite covered with copper sulphate, are lifted out, the 
crystals are removed, and after being washed and dried are 
ready for the market. 

The crystals from the bottoms and sides of the vats are 
impure, and are consequently dissolved in water heated by 
steam, and allowed to recrystallise. The solution for the second 
crystallisation must possess a strength of 32 to 34 B. Old 
solutions which have become too poor in copper are treated 
with scraps of metallic iron to precipitate cement copper, the 
iron going into solution as FeSCX, which is crystallised out and 
sold. The cement copper is added to the charge of matte in 
the reverberatory. 

In the dissolving vats there remains a slime which contains 
lead, copper, and antimony, and is rich in silver. This slime is 
collected, washed, and added to the charges of the blast furnaces 
which are running on rich ore. 

A small amount of copper sulphate is also produced from 
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the parting of silver and gold. The granulated silver from the 
cupellation furnace is dissolved in HaSO<, of 66°, from 900 to 
1,100 lb. being dissolved at a charge, the time required being 
eight to ten hours. After being allowed to settle for ten to 
twelve hours the AgS0 4 solution is drawn off into filtering vats, 
and from thence to precipitation tanks, where it is diluted to 
about 20° B., and the silver precipitated with metallic copper, 
the solution being meanwhile heated with steam to about 70" C, 
The resulting CuSO^ solution and the wash waters are then 
treated in the same manner as the matte solutions. 

Manufacture of Copper Vitriol at Oker." — A method is 
employed in the Harz for treating copper granules and solutions 
resulting from the desilverising of the copper by sulphuric acid. 
By wetting the granules of copper with warm diluted sulphuric 
acid, the surface becomes oxidised and the oxides dissolve in 
the acid, forming sulphate of copper in solution. The silver 
remains, being insoluble, forming a deposit in the solution. 
The other metals which are present, such as gold, will separate 
in the metallic condition ; lead will become oxidised and give 
an insoluble sulphate ; iron and nickel will also dissolve ; arsenic 
and antimony dissolve slightly. 

The sulphuric acid is stored in a lead-lined vat, a (Fig. 34), 
placed in the upper storey of the building, which acid is diluted 
with water or liquors from the crystallisation vats, and the same 
has a density of 25° to 30° Beaume. The acid is heated by 
means of steam, which circulates in a lead coil, b,b, placed in the 
bottom of the vat, and is drawn off by means of the syphon, c, 
into the vats, d, where the solution of the copper granules takes 
place. 

The solution vats, d, are round and lined with sheet lead, and 
have a false bottom, on which are placed first large pieces of 
copper, and these are covered with about a ton of copper 
granulations. At the lower end of the syphon, c, is a wide 
funnel-like opening,^, and when the faucet, _/j is opened the acid 
comes out like a spray, and by swinging around the syphon with 
the handle, /;, the granules are wetted down over their whole 
surface. These wettings are repeated at frequent intervals, so as 
to give the metal a chance to become oxidised. The air 
* '• Le Harz Snperieur,'' (Japacci, 1881. 
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necessary for the oxidation penetrates through the false bottom 
and the opening, i. 

The copper solution, which is gradually formed, runs out by 
the spout, i, into the trough, k, which is'also lined with sheet lead, 
and when six solution vats arc used, this trough has a length of 
no metres. In this trough the blue vitriol crystallises and the 
insoluble residues deposit here. 

The waters of crystallisation are collected in large vats and 
are utilised for the dilution of the acid, and arc constantly 
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regenerated, and in this way any copper which they may hold in 
solution is not lost. 

The blue vitriol collected in the troughs has to be refined 
before the same is fit to be packed for shipment, and for this 
reason is submitted to a second crystallisation ; and for this 
purpose the crystals arc taken out from the trough, £, and placed 
on an inclined tabic, /, so that the water which is absorbed by 
them can drain away. They are then thrown into another 
solution vat which is 3 12 m, wide by 3*51 m. long and 061 m. 
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high ; and they are dissolved in water mixed with the mother 
liquors, and these are heated by passing steam through lead coils 
placed around the sides of the vat. Sufficient crude blue vitriol 
is added till the solution marks 28° Beaume\ The liquor is now 
allowed to remain quiescent till all the solid material has settled 
and is then drawn off and passed through a vat filled with 
copper granules and collected in a crystallisation vat. 

These vats are 3 m. long by 1-37 m. wide and no m. high, 
and contain each 4 cubic metres of solution. Strips of sheet 
lead are suspended in these vats which serve to facilitate and 
enlarge the surface of crystallisation for the sulphate crystals to 
adhere. 

When the crystallisation is completed, the liquor is drawn off 
and used over again for dissolving the crude crystals. The 
refined crystals are collected in sieves where they are washed 
with the clear water and allowed to drain. After sifting out the 
fines the crystals are placed into drying rooms and then packed 
in barrels. 

The nickel, which remains in solution in the waste liquors, 
becomes gradually concentrated, and at the end of a couple of 
years the nickel sulphate begins to crystallise out with the 
copper sulphate, and when this stage is reached, the waste 
liquors are drawn off into a special vat, where the copper 
sulphate is allowed to crystallise out first, and when it is noticed 
that the nickel sulphate begins to crystallise, the blue vitriol 
crystals arc collected and the waste liquors remain quiescent till 
all the nickel sulphate has crystallised out of them. The crude 
crystals are collected and redissolved in clean water and re- 
crystallised. 

The operations in 1876 gave the following results I — 



The charge of copper granules amounted to 
Which consumed in sulphuric acid 
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The resulting products were : — 

Copper sulphate (blue vitriol) 52679 tons. 

Nickel sulphate 11-60,, 

Argentiferous residue 21* jo „ 

Production of Copper Vitriol from Granulated Matte. — 1 1 

may be mentioned here, that when low-grade matte containing 
10 to 15 per cent, of copper is granulated, by being tapped into 
water, hard polished granules are obtained, which, even by long 
exposure to a high temperature in the roasting furnace, are not 
altered. Quite satisfactory results are obtained in the case of 
richer matte, say from 30 to 50 per cent copper, which is granu- 
lated in water ; and in many foreign works this is the only means 
provided for the preparation of the matte for the process of 
roasting. 

At a certain plant in the United States the matte produced 
in cupolas was concentrated in a reverberatory, which was fired 
by crude petroleum, and the matte then granulated. The 
granules were roasted in an automatic reverberatory furnace for 
copper sulphates, which were then extracted by the usual 
leaching process, and the blue vitriol is crystallised out of the 
resulting brine. 

In applying crude petroleum as a metallurgical fuel, the 
simplest and best way is to inject it in the form of spray by a 
jet of steam into the furnace, allowing the right amount of air 
to mix with it. Numerous injectors, or burners, have been 
devised for this purpose. If the steam jet has a fan-shaped 
opening, the greater part of the oil will be delivered at the sides, 
and a wide and short flame will result. 

If a long, narrow flame is desired, the steam jet is given a 
concave opening, and most of the oil is then delivered on the 
centre of the steam jet and is propelled forward to a. consider- 
able distance. 



Recovery of Bluestone.— In works for the electrolytic 
refining of copper, bluestone is recovered from the discarded 
electrolyte as follows : — 

The solution is first boiled in lead-lined tanks with scrap 
copper, in the presence of steam and air, so as to neutralise 
the free acid and to increase the copper contents of the solution 
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to the degree desired. It is then pumped to the crystallising 
tanks, in which bluestone is secured by allowing the copper 
sulphate to crystallise out on bands of lead suspended in the 
saturated solution. The mother liquor syphoned off contains 
most of the arsenic, and antimony originally present in the 
electrolyte, together with some remaining copper. To recover 
the latter, the mother liquor is treated in special tanks with 
sheets of scrap iron. This metal first precipitates out the 
copper, and then the arsenic, so that a black precipitate is 
finally secured, containing as much as 6 per cent, of metallic 
arsenic. The dirty precipitate may either be added to a furnace 
charge, to be worked up into base copper, or utilised in the 
manufacture of compounds of arsenic, such as Scheele's or Paris 
green, and crystallised arsenious acids. 

At the Chicago Copper Refinery * the final impure solution 
remaining after the recovery of the bulk of the blue vitriol 
was concentrated by evaporation, so as to crystallise out the 
remainder of the blue vitriol and the arsenious acid. The blue- 
stone was then leached out of the mixture by just sufficient 
water to effect its solution, without attacking the arsenious acid, 
which was subsequently collected and sold. Sulphuric acid, or 
iron vitriol, was finally recovered from the residual mother 
liquor. 

Improvements in Treating Cupric Sulphate Solutions. — 

Ottokar Hofmann has patented a method for treating cupric 
sulphate solutions for the direct manufacture into blue vitriol, 
which he describes as follows: — 

"If copper matte, or a sulphuretted copper ore after being 
subjected to an oxidising roasting, is treated with hot diluted 
sulphuric acid, a solution of cupric sulphate is obtained, 
which contains large quantities of iron besides more or less 
arsenic, antimony, nickel, cobalt, etc. Such an impure cupric 
sulphate solution is not suitable for the manufacture of blue 
vitriol because the impurities, especially the ferrous sulphate, 
also crystallise out of the concentrated solution and make the 
product of blue vitriol too impure for the market. 

" In order to produce a pure solution, the impurities in the 
matte and ores have to be first eliminated, before they are 
* " Mineral Industry," vol. vi., p. 242. 
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subjected to the nction of the dilute sulphuric acid ; and this 
is accomplished by repeated roastings and smeltings, till the 
largest portion of the iron and other impurities arc oxidised and 
go in the slag." 

By the Hofmann method, Die crude cuprk sulphate solution 
is refined, and refining of the material is therefore not required. 

The copper matte or sulphuretted copper ore is pulverised 
and oxidised by roasting, and treated with hot sulphuric acid, 
either in an agitating tank or in a leaching tank. The amount 
of sulphuric acid necessary for producing the solution depends 
upon the nature of the ore or matte. Attention has to be paid 
that the resulting cupric sulphate solution is neutral, or as nearly 
neutral as possible. 

This process has been introduced in the works of the Con- 
solidated Kansas City Smelting and Refining Co., at Argentine, 
Kansas, where it is in successful operation ; the average daily 
production amounting to about 30 tons of blue vitriol. Mr. 
Hoffman describes the process as follows*:— 

" Crushing. The copper matte is pulverised in a Krupp- 
Grusonwerks ball mill, having a capacity of 18 tons per 24 
hours, to a fineness of 50 mesh per linear inch, and the wear 
and tear of iron in this machine amounts to only five per cent, 
per year. 

" Roasting. The pulverised matte of 34 to 40 per cent, 
copper content is roasted, and for the benefit of subsequent 
operations, the roasting is conducted with great care, and with 
attention equally divided between the oxidation of the copper 
and the iron. The copper is to be converted into oxide and 
sulphate by roasting, and the formation of cupreous oxide 
should be avoided, as one-half only of its copper will dissolve in 
diluted sulphuric acid, while the other half will precipitate as 
metallic copper and will remain in the residues. The iron 
should be converted into an insoluble oxide, otherwise too much 
iron will go in solution, and the precipitate which results in the 
process of refining the solution will become voluminous and will 
retard the filtration, it is not advisable to conduct the roasting 
so that as much copper as possible will be converted into 
sulphate, because the roasted material will then contain too 
much soluble iron. In order to obtain the desired result, the 
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roasting must be done in a furnace with excellent draught, and 
under the conditions of excess air in the furnace. 

"At the beginning of the operation the temperature should 
not be raised above that produced by the combustion of the 
sulphur of the matte. During this period the charge assumes 
a rather bright appearance, an effect due more to light than 
to heat, and if excess of air is admitted to the furnace but few 
lumps will form, even with very leady copper matte. 

"Gradually, as the oxidation advances, the surface of the 
charge becomes darker, especially near the air doors, and when 
the entire surface of the charge begins to darken, the fire is 
slightly increased to prevent cooling, as from this time on the 
supply of heat furnished by the oxidation decreases rapidly. 
If this condition is overlooked and the charge cools too much, 
it will be difficult to raise the temperature again to the proper 
degree. 

" The roasting is continued at a moderate temperature until 
no more heat is evolved by the oxidation of the material, after 
which the temperature must be raised to a cherry red. A 
skilled roaster can readily determine this point by stirring the 
charge ; if the particles thrown to the surface brighten, the 
roasting has not advanced far enough, but if the entire charge 
maintains a dead and uniform red colour, it shows that this 
part of the roasting has been completed and that it is time 
for an increase of temperature. This can now be done without 
danger of lumping the charge, because by this time the greater 
part of the sulphides has been oxidised. 

" The increase of temperature is necessary for two reasons : 
first, to hasten the oxidation of the remaining sulphides, which 
would require a very long time at a low temperature ; and 
second, to convert the iron as much as possible into the red 
oxide, in which state it is not soluble in diluted sulphuric acid. 
Care must be taken, however, to avoid too high a temperature, 
as the cupric sulphate formed, which is very desirable to have 
in the roasted matte, would then be decomposed. At a com- 
paratively early stage of the roasting nearly all the copper is in 
a state in which it can be extracted by dilute sulphuric acid ; 
about 75 per cent, of it is present as oxide and 25 per cent, 
as sulphate. 

" The roasting, however, cannot be considered comole.te **- 
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this stage, because a large percentage of the iron is soluble in 
acid as well and would make the resultant cupric sulphate solu- 
tion unnecessarily impure. The task for the roaster is to convert 
as much iron as possible into the insoluble oxide, without the 
decomposition of the cupric sulphate present. Cupric sulphate 
resists considerable heat, and it is possible to conduct the 
roasting in this way ; but this increase of temperature requires 
judicious care, because if the heat is too high the cupric 
sulphate will be reduced to cupreous oxide, in which condition 
but one-half of the copper is soluble in diluted sulphuric 
acid. 

"Should cupreous oxide be formed the amount of extractable 
copper will be greatly reduced. If, for instance, the extractable 
copper before raising the temperature was 97 per cent, after an 
excessive heat it will be reduced to 92, or even 90 per cent. 
When the roasting is done in common reverberatory furnaces 
a mistake of this kind can be corrected by keeping the charge 
longer in the furnace and thus oxidise the cupreous to cupric 
oxide. In a mechanical roasting furnace, however, this cannot 
be done ; but with experience and care the decomposition of 
the cupric sulphate can be avoided. 

" A double-storey Pearce roasting furnace is used, giving 
very satisfactory and uniform results, both with regard to 
copper and iron. This satisfactory working was not attained 
until an extra fireplace was built between the last two fireplaces 
on the lower hearth. The space between these two fires in 
the original construction was too great, and the matte which 
arrived at the second fireplace had lost the larger part of its 
sulphur and did not have sufficient left to furnish the heat 
necessary for the maintenance of the required temperature. 
It was cooled below a red heat and the last fire, though kept 
very strong, was not sufficient to complete the roasting. The 
charge became hot in the immediate neighbourhood of the 
last fire, but as this is close to the discharge, the matte was 
not exposed long enough to this heat for the desired effect. 
After the addition of the extra fireplace it was easy to regulate 
the roasting operation and to obtain good uniform results. 

"The present method of roasting with the altered furnace is 
as follows : — A moderate fire is kept on the upper hearth close 
to the drop slot, through which the matte falls to the hearth 
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below. The other fireplace is used only at the start of the 
roasting, and when the charge is ignited the fire is discontinued 
so as to prevent it from becoming overheated. The remaining 
fire on the upper hearth is so regulated that the charge is 
dark red when it is dropped to the lower hearth. 

"By far the greater part of the sulphur has to be oxidised 
on the upper hearth, otherwise too much work will be left 
for the hearth below, and it will be difficult to regulate the 
finishing part of the roasting properly. For this reason it is 
necessary to have an excess of air on the upper hearth, and 
all the doors, with the exception of the one next to the feed, 
should be kept open. 

"A free access of air is of such great importance in the 
roasting process, whether oxidising or chloridising, that par- 
ticular attention should be paid to this requirement in the 
constructing of a roasting plant, and care should be taken to 
provide the furnaces with sufficient draught. In fact an excess 
of draught should exist, so that the operator may regulate it by 
the use of the damper. In most plants dampers arc useless, 
on account of a lack of draught, even when they are opened 
wide. 

" It is not possible to avoid the formation of some lumps, 
especially in roasting leady matte, but, if the roasting is con- 
ducted properly, these will be small, soft, porous, and of well- 
roasted material. Roasted matte is always of coarser grain 
than the raw pulp, and for this reason, as well as on account 
of the lumps, it is necessary to pulverise the roasted material 
before treatment with sulphuric acid. The pulverised material 
should pass through a screen not coarser than fifty mesh to the 
linear inch." 

To the pulverised material hot sulphuric acid is added, 
and this crude solution is charged into a suitable receptacle, 
most conveniently into a high tank or tower (Fig. 35), 16 feet 
high and 6 feet diameter, made of a cast-iron skeleton frame, 
and lined with heavy sheet lead, 20 lb. per square foot (see 
Fig. 2). The bottom of the tower is funnel-shaped. Through the 
lowest part of the latter enters, at A, a lead pipe, B, projecting 
12 to 18 inches into the tower, and connected with an air 
compressor. To prevent the solution from flowing into the com- 
pressor, the pipe must ascend above the top of the ta\v«,MNrii. 
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then descend to the compressor. Near the inlet of the air pipe 
is the outlet or discharge pipe for the solution. By means of a 
steam coil, D, the solution in the tower can be heated. 

When the tower is charged by means of the inlet pipe, E, 
with solution, steam is turned into the coil, and the solution 
heated to about 75° to 80° C. ; then air is forced through the 




solution, and pulverised cupric oxide added in required quan- 
tities, which depend on the amount of impurities contained in 
the solution, and the amount of free acid, if any is present. As 
the roasted matte contains a large amount of cupric oxide, 
the same can be used to great advantage in place of pure 
cupric oxide. The ascending air keeps the particles of matte 
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or cupric oxide suspended and in motion. After some three to 
four hours of operation, the above-named impurities, together 
with some basic sulphate of copper are precipitated. The end 
of the operation is ascertained by test for iron. 

It is not practicable to dissolve the matte by filtration in 
tanks. The best method for the solution of the cupric oxide 
of the matte is accomplished in agitating tanks, and, unless 
the matte is in motion when the water or diluted sulphuric is 
applied, it will harden to such an extent that it will be necessary 
to use picks for its removal. This hardening greatly prevents 
free filtration and impairs the extraction. In addition to this 
objectionable feature there are others quite as bad, as the uneven 
concentration of the resulting solution, etc. If the dissolving 
is done in agitating tanks the process is under perfect control, 
and the extraction is accomplished in much less time and in 
a more thorough manner. 

The agitating tanks are filled about two-thirds full with 
water, the agitator set in motion, and sulphuric acid added until 
the liquid is about 3 per cent, acid strength. The matte is 
then charged gradually, and at the same time a stream of acid 
is allowed to flow in, so as to maintain the acid strength during 
a portion of the charging. In this way the dissolving is 
accomplished with an acid strength of 3 per cent, or less, and 
still yields a strong solution of cupric sulphate. It is preferable 
to work with weak acid, because much less iron and other 
impurities will be dissolved than with stronger acid. When 
the solution has attained a certain strength the flow of sulphuric 
acid is stopped, and matte only is charged until the solution 
is neutral. 

When the operation is drawing to an end, it is advisable to 
charge the matte at intervals, and to make frequent acid tests 
to avoid an excess of matte. The addition of sulphuric acid 
to the water and of the matte to the diluted acid produces 
heat, which aids the solution of the cupric oxide. This heat 
is not sufficient, and the temperature is further raised by a 
jet of steam. It is well to interrupt the charging of matte 
while neutralising as soon as the solution shows 1 per cent. 
free acid. If the agitation is then continued this 1 per cent, 
will be diminished, but if in half an hour after the last acid 
test, the percentage of free acid remains the same, more raatSa. 
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is added until the solution is neutral ; in this way a mistake 
of adding a large excess of matte is avoided. When the 
solution is neutral, the pulp (solution and residues) is drawn 
through an outlet near the bottom into a large cast-iron pressure 
tank, and from thence by means of compressed air it is forced 
into a large filter press to separate the residues from the liquid. 
The cylindrical side of the pressure tank is lined with sheet 
lead, which is protected against mechanical wear by a wooden 
lining. The spherical bottom is lined with heavy hard-lead 
casting. 

It is not advisable to make the cupric sulphate solution 
too concentrated, as it will partly crystallise when cooled 
moderately. These crystals will incrust the filter cloth of the 
press, blockade the pipes, incrust the sides and bottom of the 
receiving tanks, and interfere with the manipulation. A 
concentration when warm of about 24° to 26 B. gives good 
results. 

The plates and frames of the press are made of wood, and 
are 4 x 4 feet in size. 

The crude solution from the filter press contains, in addition 
to cupric sulphate, compounds of iron, arsenic, antimony, 
bismuth, cobalt, nickel, etc., and is conveyed to the receiving 
tanks for further treatment. No trace of silver can be found 
in the solution, as whatever silver is converted into sulphate 
during the roasting is precipitated in the agitating tank by the 
ferrous sulphate present in the solution. The residues are welt 
washed in the press, to remove all copper solution. The wash 
water solution, which contains 1 per cent copper, is collected 
in special tanks and used instead of water for the preparation 
of a new charge in the agitating tanks. 

The residues contain all the silver, gold, and lead, of the 
original matte ; they are of dark red colour, and consist mainly 
of iron oxide. This material is very desirable for the blast 
furnace, and is sent to that department for the extraction of 
the precious metals and the lead. A large portion of lead is 
converted into sulphate by the roasting, and therefore does not 
act as a consumer of acid. As the roasted matte contains 
20 to 25 per cent, of its copper as sulphate, the total consumption 
of acid is much less than the equivalent amount of acid in the 
b)ue vitriol produced. 
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As mentioned before, the solution, by means of compressed 
air, is forced from the receiving tanks by means of a special 
cast-iron and leadlined pressure tank into the tower shown in 
fig. 35. Between every other section of the tower is inserted a 
perforated cone, C, made of hard lead and provided in the 
centre with a manhole and a lid well fastened to the cone. 
The perforations toward the periphery are larger than those 
nearer the centre. 

When the tower is filled, steam is allowed to enter the coil 
to heat the solution, and at the same time air is forced in 
through pipe, B. The ascending air strikes the perforated 
is divided into numerous streams, and imparts a violent 
boiling motion to the liquor. The cones help to retain the air 
in the solution. Part of the iron is precipitated as a basic salt 
by the action of the air, but never more than half of it is 
precipitated even if the treatment extends over several hours. 
When the solution is hot (75 to 80° C.) the roasted matte is 
added through the charge hole, F. The violent boiling motion 
of the solution keeps the matte in suspension, and after three 
to four hours the solution will be entirely free from iron, 
arsenic, antimony, bismuth, etc. 

To observe and to regulate the progress of the operation 
the solution is tested from time to time for iron, by taking 
samples through a small cock inserted in the side of the tower. 
It is not necessary to test the solution for other impurities, 
because the iron predominates, and by the time all of it has 
been precipitated, no trace of the others will be found. 

The chemical reaction of this process may be expressed by 
the following equation : — 

aFeSO, + O + 2C11O = Fe,0, + aCoSO* 

This shows us that the cupric oxide, which together with 
air, is used to precipitate the iron, combines with the sulphuric 
acid of the ferrous sulphate and goes in solution as cupric 
sulphate, and thus enriches the solution in copper. 

A tower charge consists approximately of 3,000 gallons 
of solution. When the reaction is completed, after three to 
four hours, the refined liquor, the precipitate, and the residues 
of the added matte is discharged through the pipe, H, into an 
agitating tank at a lower level. From thence it is dTO««\. \» 
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a pressure tank and forced through a filter press. The clear 
and refined solution from this press is conveyed to the 
evaporating tanks and concentrated by evaporation. The 
residues which consist principally of the precipitated impurities 
contain some undecomposed matte and some basic sulphate 
of copper ; for this reason they are subjected to a short 
treatment with very dilute cold acid. The unwashed residues 
are removed from the press and charged into an agitating tank 
which contains a cold acid solution of 2*5 to 3 per cent, strength. 
This acid readily dissolves the basic sulphate of copper, while 
it reacts but slightly on the iron and not at all on the other 
impurities. The liquor of this charge passes to the crude 
solution and the residues to the matte residues. The refined 
solution is concentrated to the desired degree, and then 
conveyed to special tanks for crystallisation. 

The solution, now freed from impurities, yields very pure 
crystals of blue vitriol of a brilliant colour. Unlike the blue 
vitriol which is found in the market, the crystals obtained by 
this process do not change their physical condition by exposure 
to light and air, even in the course of years. They retain their 
deep blue colour, remain hard and solid, and are affected by 
the direct sunlight only. The permanency of these crystals 
is caused by their production from a neutral solution. 



PART III. 
THE ROASTING OF COPPER ORE. 
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Arrangement of Roast Heaps.— When roasting ores in lump 
form the object to be attained is the formation of oxides, and 
the retention of a certain quantity of suphides in the roast 
product. If the ores are solid iron pyrites in admixture with 
copper sulphides which do not decrepitate on heating, they 
are submitted to what is called kernel roasting, whereby the 
copper contents are concentrated in the interior of each lump in 
the shape of a kernel of solid sulphide surrounded by con- 
centric layers of oxides. The roast product is then treated by 
a combination process : namely, the oxidised outer part, after 
separation from the kernel, is subjected to some leaching action, 
and the kernel is smelted by itself in reverbcratories or other 
furnaces. This method was carried out at Agordo. 

The roast heaps are built up by placing the large lumps in 
the central portion of the same, and then piling on the smaller 
pieces, finishing with an outside covering of fines. Before 
building up a roast pile, a yard should be carefully prepared by 
levelling off a piece of ground and covering it several inches 
deep with broken stones, slags, and tailings, and then covering the 
same with a clayey loam. This should be rolled several times 
with a heavy roller, the surface being slightly dampened from 
time to time, until the entire area is as level and nearly as hard 
as a macadamised road. On top of this is placed a covering of 
fines and as this layer beneath the heaps becomes gradually 
roasted through, it should be removed with the coarse ore and 
sent to the furnaces. 

In laying out a roast yard, the topographical features of the 
country have to be taken into consideration, sa <&as. '&& 
IS* 
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shall be safe from inundations, and a good system of drainage 
should surround it No hard and fast rules can be laid down, 
and every mine has to arrange its own plans to suit conveniences 
and local conditions. 

In building up the roast piles, their height will depend on 
the character of the ore, and the richer the ore in sulphur the 
lower will the same be ; ores carrying 30 to 40 per cent, of 
sulphur will be built up to a height of 7 feet and unless ores 
carry at least 15 per cent, they will not burn by themselves but 
require that fuel should be dispersed through the roast heap, 
besides the layer of wood on which the ore rests. The time 
required to burn a roast heap of 250 to 300 tons is from 50 to 
75 days. The more perfectly the ore is roasted the better the 
result in the subsequent lixiviation, and if the ore is roasted 
for smelting operation, a well-roasted kiln will allow of the 
admixture of raw sulphides in the furnace charges and in the 
grading of the resulting matte. 

The roast heaps are either rectangular or circular, one 24 
feet wide by 40 feet long and 6 feet high will contain 240 tons. 

When the roasting yard is prepared and covered with, say, 
6 inches of fines, the fuel is arranged in regular layers, preferably 
cord wood, which should form a bed of 8 to 10 inches in depth, 
leaving at regular intervals canals, which are filled with brush 
and kindling wood for the circulation of air; and these com- 
municate with chimneys in the centre line of the heap; these 
draught canals should be covered over in such a manner that 
they shall be neither choked nor destroyed by the super- 
incumbent load. The chimneys are made by setting up 
vertically boards or sticks of wood in the centre line of the 
pile and their number depends on the length of the heap. On 
top of the fuel the ore is piled up, and it assumes the shape of a 
truncated pyramid, or a truncated cone. The main body of 
the roast heap is formed of the coarsest class of ore ; the ragging 
is next placed upon the pile, forming a comparatively thick 
covering at the part nearest the ground, and gradually thinning 
out towards the top and on the upper surface of the sides. The 
fines are gradually added as an outside covering as the roasting 
proceeds, and the lower circumference of the pile should remain 
uncovered so as not to hamper the draught. 

It is estimated that it takes about one cord of wood to roast 
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40 tons of ore. Too much fuel must not be used, or too great 
a heat will be generated and large masses of fused sulphides 
found collected at the bottom, impeding the circulation of the 
roast heap, and the result will be a badly roasted heap. 

Fig. 36 and illustrations immediately following — showing 
the building up and construction of roast heaps — are repro- 
duced from Piattner's "Metallurgischen Rostprozcssc," published 




Fig. 36. 



in 1856, since which date very little progress has been made in 
this department of the treatment of copper ores. 

Fig. 37 shows a square roast heap, having at a an empty 
space which is filled with kindling wood and loosely covered 
with sticks of wood. The cord wood is shown evenly placed, 
and the air channels properly distanced. Lump ore, c, is now 




piled on to a height of 4$ feet, and arranged so as to leave a 
rim of 2 feet of uncovered cord wood all around the pile. In 
the centre the shaft, b, is formed by means of sticks of timber. 
On top of the coarse ore from 4 to 8 inches of ragging is 
placed, shown at d, and on top of this are placed the fini 
e and/; To regulate the burning of the heap, further additions 
of fines, g, are made. 
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Fig. 38 shows a heap when completed and ready to be < 
on fire. 

The quantity of ore which is locked up in the roast heaps 
is in proportion to the capacity of the smelting plant ; and 
supposing that it is a question of supplying a cupola of 200 
tons daily capacity, it will be necessary to have a roast yard 
of a surface area of 100,000 square feet, capable of holding at 
least 80 roast heaps of 240 tons each, which would permit the 
withdrawal of at least 20 tons from 10 heaps daily, and when 
these heaps are cleared away in 12 days, 10 other heaps are 
broken into, while the cleared spaces are built up again with 
fresh heaps, leaving 60 heaps in operation. Taking 80 heaps 
of 240 tons, this represeiats 19,200 tons of ore which have to 
be constantly on the roast piles. * 




. 0S*i, 



An instance of a very peculiar arrangement of the roast 
heaps came to my notice at the United Verde Mine in Arizona, 
and one which suited the local conditions most admirably. 
The mine is opened by several adits to a depth of 600 feet 
and these penetrate the mine along the steep mountain slope 
of the Black Hills. As the ores are brought out from each 
adit, carefully prepared yards extend along the tramway track 
and below the same, and a special railway track which zigzags 
from the lowest level to the top of the hill carries the roasted 
ore to the smelter on top of the hill by electric traction. It 
is an unique sight to see these long smoking terraces extending 
from the base of the mountain to its summit, and probably 
nowhere else would a similar arrangement be required. 

Where cone-shaped roast heaps are in use, the arrangement 
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illustrated by Fig. 39 can be recommended. In the centre 
is a chimney, a, built up of bricks without mortar, resting on 
a solid foundation, and, as the same is being erected, small 
openings are left on the sides through which the products of 
combustion can escape, and to force the gases into the chimney, 
the kiln is well covered with fines, b. To provide the necessary 
air, small canals are placed at regular intervals around the 
periphery, and they all converge to the central chimney, a. 
One of these canals is seen at c, where the draught can be 
regulated by opening or closing the inlet. Of course, here, as 
with the pyramidical heap, the ore is built up on a layer or 
foundation of cord wood. 




If heap roasting is carried out in countries where the 
rainfall is heavy, the losses are very great, as so much sulphate 
of copper is leached out. The loss may reach the enormous 
figure of 30 per cent., as experienced by Mr. A. F. Wcndt in 
heap roasting the Ducktown ores in Tennessee. He says: 
"All the experiments made on a total of nearly 3,000 tons 
of ore proved, beyond possibility of doubt, an average loss of 
more than one unit of copper, or over 20 pounds of ingot per 
ton of ore." 

With the best of care and attention some portions of the 
roast heap will escape oxidation, this unroastcd material being 
made up of the fines forming the cover, a large portion of 
which is agglutinated with the sublimed sulphur which. h.-*=> 
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settled on it, and is therefore not fit for smelting or lixiviating. 
The sides, angles, and bottom of the heap are also generally 
poorly roasted. 

The average cost of building up a roast heap when fuel 
is about $5 per cord, attending to same and tearing it down 
when roasted would be about 50 cents per ton. 

After roasting, the copper in the roast product will be 
present as sulphide of copper, sulphate and oxide of copper. 
It is the sulphur which is combined with the iron that burns 
away, and the copper is the last metal (present in the ore 
heap) to part with its sulphur, whereas nearly the whole of 
the iron becomes oxidised. 



The Guyer Desulphurising Kiln. — A very simple and ex- 
peditious method for desulphurising ores is described by Messrs. 
Fraser & Chalmers, and by them recommended for small plants 
where development of the property does not warrant expensive 
crushing and roasting machinery, and where the ores are 
suitable for heap or stall roasting. The method was devised 
by Capt. Henry Guyer, of Casapalca, Peru, where several of 
the kilns have been in operation for some time, with excellent 
results ; one of these kilns roasting seven tons per day at 
a cost of 33 cents silver per ton, and in one kiln he roasted 
thirteen tons daily at a cost of 18 cents silver per ton. The 
original ore contained 27 per cent, of sulphur, and was reduced 
by roasting to 88 per cent. 

Ores to be roasted in this furnace must be coarse — that is, 
from the size of corn to about the size of an egg— and should 
contain not less than 20 per cent, sulphur. The only fuel used 
is a few shovels daily of charcoal dust, shavings, or any rubbish 
that will burn. They are made of as small a capacity as two 
tons per day. 

The furnace (Fig. 40) is very simple, consisting of a four- 
sided grizzley, constructed principally of grate bars fastened to 
a rectangle made of rails, which is supported on pipe columns; 
this is surmounted by a sheet-iron hood having a hole in the 
top for charging, and on one side for connection with a flue. 

Sufficient ore should be thrown into the kiln to form a 
cone reaching to, and a short distance inside of, the grate bars, 
upon which from 6 inches to 8 inches of fuel is to be placed. 
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This may consist of any refuse material which will ignite ; 
upon this the ore to be roasted is piled, new ore being added 
as fast as the combustion is visible. This is continued until 
the kiln is filled to the top, when the roasting is permitted 
to continue for say 12 hours without further attention. At 
the end of this period the ore in the bottom is sufficiently roasted 
to be raked out, when any pieces that remain unroasted are 
thrown aside, to be returned to the kiln for retreatment. Should 







any of the ore become sufficiently fused to stick to the grate 
bars, it is removed by barring through the grate bars or through 
the top. It requires approximately from 8 to 10 hours between 
each roasting period. 

At Casapalca the ores carry from 27 to 30 per cent, sulphur, 
the roasted ore averaging about S per cent, sulphur. With 
material of this description very little or no fuel is necessary. 
A complex ore of copper and lead (of the latter ^ ^jex ■ss^'O^ 
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Ftc 41.— Ore»-Rcuisi Staua 

Stall Roasting. — An important improvement in the roasting 
of ore* was the introduction of stalls, with the object of protect- 
ing the heaps against the elements, as well as concentrating the 
heat, and avoiding the tedious and laborious work of covering 
the aides and top of the heaps with fines. For this purpose 
itquare brick enclosures are erected, which arc either open on 
top or covered with an arched roof, and their interior is 
connected by means of a flue with a chimney, which creates 
u draught and facilitates the oxidation of the ore. 

!!,< illu ii.,ii-,ir. r.f t.pcn stalls here given arc reproduced 
from some of the ciirlicr text-books, but they show clearly 
,,,.,,,.. I, ||„ ;u-i-iiiii'.ciiu-uts found in operation to this date with 

Only lllglll lilirations. Fig. 41 shows a series of stalls with 

level floon: d Is a layer of wood in stall I, leaving a canal in 
tlin centre ; on thb layer a second row of billet wood is placed, 
whkh covers the canal (see 3) ; 2 shows a stall on fire, still 
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open in front ; 5 is a stall closed in front, and in operation ; 
4 and 6 are empty stalls ready to be charged with ore. 




Fig. 44.— Plan of Lahoe Roast Stall. 



Fig. 42 represents a stall with inclined floors ! a is the central 
part which is level and ends at b\ lateral fireplaces allow the 
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flame to circulate through vents which are built up by 
large pieces of ore, and the heap is piled up on the inclined 
planes, c and <?, made of brick, which in their turn rest on 
finely broken slag, the whole being surrounded by the walls, 
d, d'. The circulation of air becomes easily stopped up in 
the canals, as after the roasting they become obstructed and 
collapse. 

If the roasting is to proceed slowly, as would be the case 
when it is desired to roast for sulphates, very large stalls are 
employed, as represented in Figs. 43 and 44, having the 
dimensions 117 metres long, 4*3 metres wide, and 2'5 metres 
high. The walls are 16 metres thick, and the canals, /, 
serve to conduct the sulphur vapours into the small chambers, c, 
called collectors, which arc closed during the operation by iron 
doors, p. 

The floor, a, of the stalls consists of leached-out ore, 
in which are placed vertical pillars. The ore is first charged 
through the doors in the walls, and finished by being piled 
in from the top. On the floor is first placed a layer of 
wood, k, leaving at regular intervals small square spaces, t, 
which communicate with canals, /, which are covered with 
slate slabs, and these in their turn with vertical chimneys ; 
and when the kiln is well on fire, the vents, i, are filled 
with fines. The heap is covered with fines and leached- 
out ores, in which are practised small cavities, I, to collect 
the sublimed sulphur. The roasting in these kilns takes from 
6 to 8 months. 



Kiln at Rio Tinto." — Figs. 45 and 46 show a different form 
of kiln, formerly employed at the Rio Tinto mines. 

The stalls, which are built in two rows, D, D, are 19 metres 
long, 4 metres wide, and 3 metres high, and are capable of 
holding 400 tons of ore each. B, B arc openings, through which 
the ore is charged, and C shows the mineral charged on a bed 
of brush. On the top of the ore are placed the fines ; d,d,d are 
the flues which communicate with the canals, a, a ; and these 
in their turn communicate with the lower canals, b, b. These 
canals communicate with the flue, f, which is covered with slate 

* "La Metallurgie du Cuiv-re," par M. Roswag. Dunod, Paris. 
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slabs, and leads to the condensing chambers. The first one 
is g, the second one is //, and then to the chamber, k, in 
which is a receiving basin to collect the condensed sulphur. 
Wallcd-up openings, h, A, serve to take out the sulphur when the 




Fics. 45 and 46. — Kiln 




operation is completed. The roasting in this apparatus 
about 5 months. 
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Bohemian Suit— The 



arrangement of stall adopted : 
Bohemia is shown in Fig. 47, in which the" walls, A, are 755 
metres long and 5"6j metres wide. One of the sides remains 
open, but is closed after the kiln is charged. The floor is inclined, 
covered with a layer of wood, on which is placed the ore heap, 




Fig. 47.— Bohemian Stau_, 



m, m. Openings in the back wall conduct the sulphur vapours 
into the condensing chambers, B, divided into three compart- 
ments, e, in which the fumes are forced to travel down one 
compartment, up the next, and then down again into the last, 
where most of the condensation takes place ; b is a low chimney 
for the escape of the fumes. 




CHAPTER XIV. 



KILNS FOR MANUFACTURE OF SULPHURIC 
ACID.* 

ONE of the principal by-products in the hydro-metallurgical 
treatment of copper ores is sulphuric acid ; and as the manu- 
facture of sulphuric acid could be introduced with great 
advantage in some distant mining regions where such treat- 
ment of copper ores is in operation, a description of the kilns 
employed in the burning of pyritic ores will be given in this 
chapter. The pyrite burners arc divided into two types, 
namely, burners for dealing with lump ores, and furnaces for 
roasting the "fines." 

Lump ores are burned in shaft furnaces with or without 
grates. Some have fireplaces which are located outside the 
furnace, and some have their grates inside the furnace and are 
directly fired. Furnaces with sloping sides are preferable, as 
shafts with perpendicular sides get easily choked, impeding the 
draught. The disadvantage of these appliances is their limited 
capacity, as only a small quantity of ore can be burnt at 
one time. 



Pyrite Burners without Grates. — A kiln of this description 
on a scale of J ff , having a height of 3 metres by 1 metre in 
width, is represented in the illustrations here given. Fig. 48 
shows an elevation of the kiln, and to the right is a longitudinal 
section along the line C D of fig. 50. Fig. 49 is a vertical section 
along the line E F, of the plan, Fig. 50, which shows the inclined 

* From Dr. George Lunge, " Handbuch der Soda Industrie," who gives a 
full description of the manufacture of sulphuric acid. Braunschweig \&w 
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Figs. 48, 49, UB 5' 



The height to which the kilns ought to be charged depends 
on the quality of the material, and the more difficult the material 
burns, the higher the same ought to be in the furnace. During 
the operation, special attention must be given to prevent the 
sublimation of the sulphur, and for this purpose plenty of air 
must be admitted into the upper part of the furnace. The gases 
pass through the flue into the lead acid chambers. In some 
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factories the gases first pass through dust chambers. If 
it is desired to introduce the nitric acid produced by the 
decomposition of the saltpetre and sulphuric acid, these 
materials are placed in earthenware pots through openings, 
which arc afterwards well luted, into the canal, e, in which 
the temperature is high enough to cause the decomposition. 
It is usual to build six of these furnaces in one block, namely 
three in front and three at the back, all discharging into one 
flue, ee, to hold the saltpetre pots, and in which is a damper, 
f, for the regulation of the draught, the flue connects with a 
canal I metre in diameter to conduct the sulphurous acid 
vapours. 

The square section of these kilns is not recommended, as the 
ores easily bake together and prevent an easy admission of the 
air. For this reason kilns with sloping sides, on which the ores 
slide down with greater ease, are to be preferred. The larger 
surface which is exposed facilitates the burning of the ores, and 
the heat docs not concentrate io the centre of the mass so as 
to cause the ore to fuse, with the consequence that the furnace 
becomes clogged. 

Such a furnace is shown in Figs. 5 1 to 54. Four of these 
furnaces are generally built into one block. A, A, the roast 
shafts, having at the bottom a square section of 064 metre and 
on top of V2% metre, are 2 metres high ; B is the vault to conduct 
the gases into the flue, C. Each shaft has in front four openings, 
on the sides one, and inside two ; f, f, serve as openings for 
charging the furnace ; a, a, b, b, to discharge the roasted product 
and for the admission of air; c, e, d, r, to stir up the ore, and to 
increase the draught if required. The arch under the pillar, D, 
can be reached through the passages, //, /; ; the pillar also carries 
the saltpetre pots, which are introduced at g. Each furnace is 
recharged every eight hours, therefore every two hours a new 
furnace comes into operation. 

The square burners have been replaced at Freiberg, Saxony, 
by oblong kilns, which have a height of 8 feet, arc 8 feet long 
and i\ wide on top and 6 ft. 8 in. long by 1 ft. 8 in. wide at the 
bottom. This shape of furnace is adaptable for ores poor in 
sulphur and consequently difficult to burn, and in this style of 
furnace not all the sulphur is burned. 

In the previous, pages it has been shown that washed at 
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leached sulphides enter largely into the manufacture of sul- 
phuric acid, and as they have been exposed for a number of 
years to the action of weather, mechanically they are In such 
a condition as to crumble very readily, and should therefore 




Figs. 51, 52, 53, 



be screened through a one-inch mesh before being used in 
lump burners. This of course necessitates the use of fine 
burners also, and the tendency at present is to erect fine burners, 
as they have been very much improved, and types of fine 
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burners are in use which will handle such part of the product 
as will pass a screen of one-inch mesh, giving as complete a 
roast as most lump burners. 

The ores are therefore divided into two classes when burned 
for the manufacture of sulphuric acid : (1) Ores which arc 
prepared for burning on grates, or in kilns without grates, in 
lump form, or (2), Ores which are fines resulting from the 
preparation of the lumps, and which can be burnt to best 
advantage on fire-clay shelves in shallow layers without auxiliary 
heat, or in muffle furnaces. In rare instances only are com- 
bination burners employed, namely, those in which the burning 
lump ores supply heat to burn the fines. 

Pyrite Burners with Grates. — These are a decided improve- 
ment over kilns without grates, as they permit of due regula- 
tion of the draught With a closed ashpit only a definite 
quantity of air need be admitted into the pit, which is equally 
distributed under the grate and rises over the whole area of 







the burner, effecting a better combustion of the sulphur. The 
operation of drawing out the burnt ore is more regular, and no 
raw ore is left behind ; it also prevents the formation of fused 
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masses or "scars" in the burner. By the introduction of the 
grates into the burners the height of the ore column was 
diminished, which is a great advantage with easily fusible ores, 
although in some localities the other extreme, namely, too low 
layers of pyrites has been resorted to. By employing kilns with 
grates a better roasting is effected, the gases are richer in 
sulphur, with the result that the work in the lead chambers 
proceeds better, a larger quantity of sulphuric acid is obtained 
and the consumption of nitric acid is smaller. The production 
of fused saws and slags in the furnace is also diminished. In 
Figs. 55 and 56 is shown a kiln with grates, which has been used 
in Freiberg for the roasting of matte containing 20 to 21 per 
cent, sulphur and has a capacity of 900 to 1,000 kilograms in 24 
hours. A is the shaft; a is the charge opening, 12 inches in 
diameter, covered with an iron plate ; b, three large openings, 15 
inches long, 12 inches high ; c, three rows of canals, which are 
8 inches long and 4 inches high ; d, three discharge openings 
on each side of the furnace, 24 inches long and 12 inches high ; 
e is the grate, F is a canal for the introduction of air under the 
grate ; and g, the canal for the escape of the sulphurous vapours. 

The Freiberg Pyrite Burner.— A transition from the 
metallurgical kilns to the burners of to-day is represented by 
the Freiberg kilns for roasting coarse metal, shown in the accom- 
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panying illustrations. Fig. $y shows the appliance in elevation 
on a scale of 1 to 50 ; Fig. 58 in plan ; and Fig. 59 in section. 
This burner is specially adapted for easily burning ore, B l» 



170 



HVDRO-MET.ALLL'RGV OF COPPER. 



the shaft, / the charging hole, furnished with a tightly closing 
cover. The grate,^, is inclined, in order to facilitate the drawing 
through k. The smaller pieces fall through the grates into 
the ashpit, A, and are emptied from time to time through the 
door, i, furnished with holes for the supply of air. About 
io inches above the grate the front wall of the burner is pierced 
by a horizontal row of holes, k, in which stuffing boxes are fixed 
for movable round iron bars, /. These can be used for loosening 
the ore ; they also serve for supporting the higher lying portion 
of ore on withdrawing the cinders. The door, /«, serves for 
observing the combustion (which, however, can only be judged 
of properly from the top), and for introducing a poker in case 
the ore must be broken up. The larger opening, «, likewise 
with a door, serves for the same purpose. The gases from C pass 
first into the large main flue, D, which at Freiberg is 330 feet in 
length, here they deposit dust, and especially arsenic, and then 
pass on to the acid chambers. The canal, E, serves for keeping 
the ground moisture from the burners. 



The English Pyrite Burners * have a moderate horizontal 
section, say 4 feet long in front by 4J feet in depth, on the grate 
surface. The inner walls are sometimes vertical, usually the 
side and back walls slope upward as far as the working door, 
and then become vertical again. The front wall is covered with 
iron plates, in which are left the openings for the working doors. 
The ashpits have also vertical walls, but generally they slope 
downward so as to facilitate their cleaning out. The depth of 
the ashpit varies from 16 to 24 inches ; the level of the working 
door, which determines the height of the charge, varies between 
20 to 30 inches above the grate. From the top of the ore charge 
to the centre of the arch a height of iS to 24 inches is left. 
They are generally constructed back to back which saves a wall, 
keeps the heat together, and permits one canal to be utilised for 
two rows of burners. 

The gas canals are built on top of them, and communicate 
with the shafts by means of openings 4 to 5 inches square. The 
grate bars which arc employed are so constructed that they 
allow of an easy regulation of the draught and the discharge of 
the furnace. 

* Dr. George Lunge. 




The portion of the kilns which are exposed to heat are 
lined with fire-bricks, laid in fire-clay ; but in the coldex 
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u'xed with tar. They have to be 



portions the mortar 
strongly braced. 

These kilns are generally constructed in groups. Ordinarily 
12 to 24 of them are served by the same shift, and the work is 
so regulated that the kilns are filled and emptied in rotation, so 
as to maintain a uniform gas development. As will be seen 
from the plans and sections, each kiln is independent of the 
other, and have no communication with one another ; but by 
means of flues built in the arches they empty into the main 
canal. Each shaft ought also to have its oivn damper. 

The Figs. 60, 61, and 62 show a simple construction of burner, 
which can be made with open sand castings. In Fig. 60 are two 
burners in front elevation, and one in section. In the left-hand 
furnace the doors of the working opening and ashpit are taken 
away. Fig. 61 is a cross-section, showing two rows back to 
back ; a is the working opening, with the door, b, which slides in 
the grooved ledges, c, c, cast to the front plates. The small 
door, d, only to be used exceptionally, is arranged in precisely 
the same way. The openings of the brickwork are protected by 
iron plates ; e is a movable cover of the ashpit, provided with 
air holes ; //are the grate bars, the front bearer,/ at the same 
time carries the bottom plate for the front wall, and is per- 
forated with round holes; whilst //are cut out in semicircles. 
The arches are sprung parallel with the working doors, and by 
the draught holes, g,g, are in connection with the gas flues, //, h. 
The latter, like the burners, are encased in metal plates ; they 
arc covered by fire-tiles. 

To operate such a burner it is necessary to lay on the grates 
(Fig. 62) a layer of roasted lump ore, and on top of it the fuel is 
dumped and set on fire. After 12 to 24 hours the kiln becomes 
red-hot, and the pyrites are charged. In a short time they 
commence to burn, and the sulphur gases are let into the lead 
chambers by opening the damper leading to them, which is kept 
shut down during the heating of the kiln. Care must be taken 
to give sufficient air during the operation ; otherwise, instead of 
producing sulphurous acid, sublimed sulphur will be obtained in 
the flues and chambers. 

Improved Form of Kiln, — Another English pyrite burner, of 
improved construction, is shown in Figs. 63 and 64, in front 
elevation, longitudinal and transverse section : a is the working 
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door, with a slide, b, to observe the working of the furnace ; the 
working door is fixed to an iron frame, which is set at an angle 
into the brickwork. In the same manner the doors, c, c, of the 
grate are arranged, and d for the ashpit ; whereas the small 




Elevation and Section. 




Figs. 63 * 



Transverse Section. 
I. — Improved English Pvhi 



working door, e, and the door, f, of the flue, which is 
opened, are arranged in the same manner as the doors in 
Fig. 65. At g is shown the canal for holding the saltpetre 
pots, //, resting on the plate, *; and at k is a funnel for the 
introduction of the sulphuric acid and saltpetre into the qots. 



seldom 

nnrs in 
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Operation of the Pyrite Burners.*— When newly 
structcd and before they are put into operation, it is first of 
■til necessary to dry them by a slow fire ; and to effect this the 
grate is covered to a depth of four or more inches with lumps of 
roasted 'ire ; llic damper in the flue is closed and the working 
door ift opened. Some kindling wood, cord wood, and coals are 
charged and set on fire, which is kept burning from 12 to 24 
hours; at the expiration of which the first charge of raw ore 
it {liven, and the sulphur will be set on fire by closing the 
working door and opening the damper of the flue, so that the 
sulphurous gases can pass into the lead chambers. 

In some of the English factories, the dampers and other 
r i|)i-n in 1 ;■. iirir rluM.d oti Saturday night and opened again Sunday 
night, and the furnaces keep their heat so well, that the sulphur 
11I 1 hi: fnsh charges takes fire at once without the addition of any 
fresh fuel. It has been found that, even after four to six days' 
Interruption, the heat in the furnaces can be maintained, without 
the addition of fuel, if all the openings are well luted with clay. 

In ill' K operations a complete desulphurisation is not aimed 
at in the burners, but the work is considered satisfactory, if from 
4 to 6 per cent, sulphur remains in the residues. The success 
in Die manipulation of the pyrites depends on the skill of the 
workmen, who ought to stir up the ore occasionally, and who 
imghi lu i:i' |n ii lhal the ores are regularly distributed over 
the whole area of the furnace; and for this purpose the grates 
should he turned at regular intervals, and any large lumps of 
ore should be broken before charging them into the furnace, and 
by maintaining a regular draught, the formation of "saws" is 
prevented. These consist mainly of monosulphide of iron, FeS, 
and arc produced through overheating the bisulphide FeS a in 
the absence of air, which also generates free sulphur. The FeS, 
being easily fusible, forms large lumps, which ought to be broken 
up through the working doors. Rich ores should not be burnt 
in high kilns, but poor ores can be burnt to advantage in shallow 
ones. If the draught is poor, it will manifest itself at once, by 
the escape of the gases from every opening ; but the draught 
should not be too strong, as too much air will pass into the acid 
chambers. 

The admission of air is regulated as follows : — After a fresh 
im Dr. George Lmige, " Handbuch der Soda Industrie. 
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charge has been placed in the burner, the quantity of air required 
is limited, till the same is well alight, which takes about an hour, 
after which more air is admitted, and when most of the sulphur 
is burnt, and hardly any flame is noticed, the draught is cut off 
and the latent heat of the furnace is allowed to act by itself. 
Two hours before it is time to charge the furnace afresh, the 
working door is opened, the charge well stirred, and any lumps 
of slag removed. If the blue flames appear, it is a sign that 
the roasting is not complete and more air is admitted. After 
this, the working door is closed, the small grate doors are 
opened, the grate bars turned and the cinders discharged. The 
fresh ore charge should be placed into the furnace as rapidly as 
possible, and the process follows again its usual course. 

After charging afresh the furnace becomes dark, but gradually 
blue flames appear, disappearing after a few hours ; the mass 
of ore meanwhile has become hot and is bright red. After- 
wards the charge becomes cold again, and the glow is hardly 
noticeable. If a furnace works well, it should be so hot on 
the outside, about 6 inches below the working door, that one 
cannot place a hand on it; further down, it should be cooler ; 
and immediately above the grate bars, it should be cold. 

It also happens that, owing to bad draught, or an excess of 
draught, a furnace goes "cold," and the fresh charge has taken 
no fire at all ; in which case hot pyrites are taken from the other 
furnaces and charged into it. 

Where the quantity of pyrite fines is large, and no pro- 
vision has been made to roast them separately, and it is desired 
to burn them together with the lump ore, it is customary to 
form them into balls or bricks, and for this purpose the powdered 
material is intimately mixed with plastic clay. They are then 
moulded and dried by the heat given off by the burners. 

At the Freiberg works the fines are wetted down with dilute 
sulphuric acid, a few per cent, of clay is added, and the mass is 
intimately incorporated and then moulded. The bricks or balls 
are placed on cast-iron plates, on top of the dust chambers which 
are connected with the burners. The bricks made in this 
manner do not fall to pieces so easily as the lump ore does 
during roasting. The addition of clay, however, has the dis- 
advantage that it retards the burning of some of the sulphur 
in the artificially formed lumps. 
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When the ores contain zinc blende and galena, these are 
converted into zinc and lead sulphate during the burning, and 
consequently are not completely desulphurised, as these com- 
pounds only decompose at a white heat, which is not attained 
in the pyrite burners; they therefore remain as such in the 
residues. When the pyrites contain gypsum or carbonate of 
lime, a corresponding quantity of calcium sulphate remains in 
the residues. 

The principal improvements which have been introduced in 
these burners are: (1) The use of an air jacket which serves 
either to prevent radiation of heat, keeping the burner room 
cool and rendering the work of serving the burners less arduous, 
at the same time conserving heat for concentration of acid in 
pans on the top of the burners. (2) The method of holding in 
position the grate bars so that they may be drawn and replaced. 
(3) In making all the flues and openings into flues airtight, 
since all air admitted to the burners or flues, except where it 
will aid combustion and will be under complete control, is of 
great detriment to the process, and renders its proper regulation 
difficult. 



CHAPTER XV. 

FURNACES FOR ROASTING FINE MATERIAL. 

The furnaces employed for this purpose — both for oxidising 
and for chloridising roasting — may be divided into half-a-dozen 
classes, as follows : — 

(i) Ordinary reverberatories, or open hearth furnaces, which 
heat the product by a direct flame ; or, to prevent the material 
from becoming overheated when an easily fusible ore is being 
treated, a modification is sometimes introduced, whereby a 
protecting curtain extends from the bridge to about the middle 
of the furnace, so as to prevent contact of the flame with 
the ore. 

(2) Reverberatories in which the material is first heated from 
below, and then from above, direct 

(3) Muffle furnaces, in which the material is heated through 
the brick work. 

(4) Reverberatories with a rotating hearth and mechanical 
stirrers, as arranged by Gibb and Geltsharp. 

(5) Shaft and shelf furnaces of various types, like Perret 
and Olivier's and Helbig's, Maletra's, and others. In the shelf 
furnaces, a number of short hearths of moderate width are 
superimposed one above another, the ore being fed to the top 
hearth, and moved down one hearth to another below until 
the ore is discharged, burnt out, from the lowest hearth, or the 
shelves are all charged simultaneously, and roasted at one and 
the same time ; and as the shelves are placed a short distaxvee. 
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localised by reflection ; 



fully 



one from ihe other, the 
as possible. 

(6) Mechanical roasting furnaces. These have been brought 
to a great state of perfection, and several of them will be found 
fully described in the present chapter. 





Longitudinal Strlifiii, Viewing Protecting Curtain. 
Figs. 65 and 66. — linvEitaFEATORY Furnace of the Bfi>h Metai. Company. 



Reverberatory Furnaces.— Furnaces of this class employed 
by the Bcde Metal Company at Hebburn-on-Tyne, in England, 
are shown in the accompanying illustrations, Figs. 65 to 68* 

It will be noticed that in these furnaces a protecting arch 
or curtain extends from the fire bridge nearly to the middle 

•Carl A. Balling, "Die Metallhfittenkunde," Berlin, 1885; Dingier s 
Journal, Bd. B04, p. 308; Berg und H&tlcnmannische Zcitung, 1872, p. 345, 
and 1882, p. 232. 
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of the furnace, which prevents the ore from becoming too 
strongly heated. At r is the fireplace ; the flame passes into 
the space between the curtain and the main arch, h, and 
then over the hearth, A ; and from thence the flame passes 
through the flue, f, into eight canals, k, which are under the 
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At Widnes, in Lancashire, a furnace is employed (shown 
in Figs. 6g and 70), which is fired by gas. A similar furnace 
s formerly in use at Oker. 




^..jwr^owmmm* ) ^.^ 



Longitudinal Section. 




Transverse Section. 
,. 69 amd 70.— Roasting Furnace a 



From the gas generator, not shown in the drawing, the gases 
pass into a canal, k, through which it is distributed into five 
canals, g, which are built in longitudinally under the hearth, 
and they mix here with atmospheric air which is admitted at h 
by means of dampers and set alight, and then passes into the 
working space. Through the flue, i, the roast gases pass into 
a canal, which leads to the condensing tower filled with coke, 
where the volatile chlorides are absorbed. These furnaces have 
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four working doors, a, on each side, and four hoppers, /, for 
charging the ore ; they have a capacity of 2-5 tons, and two 
charges are roasted in 24 hours. 

Reverberatories with Rotating Hearths. — An example of 
this class of furnace, also employed by the Bede Metal 
Company, is illustrated in Figs. 71 to 74." 

The movable hearth consists of a round pan made of boiler 
iron z, s, which is lined with fire bricks, y. The pan rests on 
the shaft, ?v, rotating in the socket, and is fixed with a box 
supported by the two iron tubes, x. The socket which rotates 
the pin forming the end of the shaft, w, is constantly oiled by 
a small pump operated from the main engine ; the surplus oil 
running back into its reservoir. The rotation of the hearth 
is effected by means of an endless chain working in the groove 
of the pan. The chain is kept in motion by means of the 
shaft, v, v, which is turned by the pulleys, u,T. The rotating 
hearth has above it the arched dome, s, and the sides, r, are 
made of brick. R is the fireplace and M the flue, through 
which the gases pass into the condensing tower. 

Between the pan and the brickwork of the furnace is a 
space an inch wide, which permits the free movement of the 
hearth, and also the admission of the air that is required for 
the roasting. The charging is effected through the opening, 
O, in the arch of the furnace, which can be closed when not 
in use. The stirring of the ore is effected by means of the 
plough, P, which moves slowly in a radial direction backward 
and forward. By the simultaneous rotation of the hearth 
and the movement of the plough, which at every single revolu- 
tion of the hearth passes from the centre to the periphery, 
the roast product is sufficiently stirred to come in contact with 
the air. The movement of the plough is effected by means of 
the endless screw, A", working into the toothed gear, A,L. The 
toothed wheel, L, transmits the movement by means of a crank 
pin and connecting rod, N, to a lever, which by means of the 
cross head, g, puts the plough, P, in a straight-line motion 
communicated to it by the rod, D. 



* Dingler's Journal, 204, p. 30! 
[872, p. 345, and 1882, p. 232; Ji: 
Schabe!, "Die MetallhQttenkunde," 1 



; Berg and HUttenm&mtische Zeitting, 
, Conlarets Annaler, 1882, 2; Dr, C. 
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The discharging of the furnace takes place by means of a 
grating, H, which is suspended during the roasting operation 
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Figs. 73 



outside of the furnace, and when the same is to be discharged, 
it is passed through an opening by means of a chain on to 
the hearth ; the opening can be closed when not in use. The 
grating is composed of a series of strong, boiler-iron plates, 
placed parallel to one another. They are fastened together 
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and placed in such a manner that they stand diagonally in 
furnace. The grate is held in position by the iron bar, B. 

As the hearth rotates, the ore passes through the interstices 
between the plates and is pushed ahead, owing to the diagonal 
position of the plates, in such a manner that it is pushed to the 
periphery of the hearth, till it arrives at the plate, /, where a 
certain quantity passes out of the gutter, F, at every revolution. 
The cast-iron plough is renewed every 14 days. 

Twelve of these furnaces were operated by two steam 
engines, each of 18 effective horse-power. In one furnace in 
y hours, 5 tons of ore arc roasted with 7A per cent. salt. They 
give an even roasting, as their operation docs not depend on 




the skill of the workmen ; and give a larger quantity of salts 
soluble in water than the furnaces operated by hand labour. 



Muffle Furnaces. — These furnaces are closed reverbera- 
torics, so constructed that the products of combustion from the 
fuel are not allowed to mix with the gases evolved from the 
ore. Such a furnace may consist of one long continuous muffle, 
or several muffles arranged in tiers, one above the other. 

Muffle furnaces arc used for roasting pyritic ores when it 
is desired to collect the sulphurous acid fumes free from any 
admixture with foul gases and excess of air, for the manufacture 
of sulphuric acid. They are also constructed with mechanical 
stirring gear, and arc then of large capacity. 
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The high cost of their construction, and the greater con- 
sumption of fuel, are adverse to their general employment ; 
and although under certain circumstances, when a gentle and 
regular heat is required, they offer certain advantages, -it is only 
rarely that they arc found in actual use. 




Figs. 76 



Fig. 75 shows a cross-section through a Brown muffle 
furnace, as constructed by Messrs. Fraser & Chalmers. The 
hearth is arranged to be heated by "producer" gas. The large 
spaces directly beneath the hearth are combustion chambers 
where the fuel gases are burnt. In other respects the furnace 
is like the Brown "straight roaster," described hereafter. 
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A muffled furnace employed by the Tharsis Sulphur and 
Copper Company is shown to Figs. 76 to 78. R, R, are two 
fireplaces, W\& the muffle. The flame passes first in the canals, 
V, above the muffle, then passes downwards and through the 
Canals, , -". under the muffle in an opposite direction, and in 
two branches through the canals, x, x, and the vertical canal, y, 
Into the Hue, 0, to the chimney. The roast gases, which contain 
chlorine and hydrochloric acid, piss from the muffle through the 
flue, if, and the vertical canal,/, into the canal, 11, leading to the 
condensing towers ; a, a, arc working doors on both sides. On 
top of the furnace is an iron basin in which the ore and salt are 
heated , and these arc dropped through the openings, w, into 
the muffle. These furnaces require twice as much fuel as the 
revcrberatories, but they furnish concentrated roast gases. It 
requires 12 hours to roast a charge. The liquors, which are 
obtained In the condensing towers consist of diluted hydrochloric 
and sulphuric acid. The sulphurous acid from the roast gases 
is converted by the chlorine into sulphuric acid. 

As already intimated, the operation of muffle furnaces is 
costly, and in many localities they have been altered in such a 
way that the burning of the lump ore is effected in a separate 
furnace, and the heat generated by this operation conducted 
around the muffles which contained the fine ore. 

Such a furnace has been designed by Perret and Olivier, in 
which the lump ore is burnt on a grate in the lower portion 
of the shaft ; and the upper portion of the shaft is arranged 
to receive a number of fireclay tiles, placed one above the other. 
The fine ore is put upon them in layers two inches thick, and 
is ignited and burnt off by the hot gases given off in the burner 
below. 

Other furnaces have been designed which do away with the 
burning of the lump ore and burn only the fines ; and among 
them arc those of Gcrstenhofer, Ilasenclever, Maletra. 

These furnaces are applied for the roasting of sulphides 
where the utilisation of the fumes for the manufacture of 
sulphuric acid forms a part of the process of calcination. Their 
design is such, that the gases arising from the oxidation of the 
ores arc kept separate from the products of combustion of the 
fuel, and a high degree of perfection has been arrived at 
their construction, 
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Shaft and Shelf Furnaces.— A shelf furnace designed by 
Perret and Olivier is shown in Figs. 79 and 8o, on a scale of ^5, 
Fig. 79 being a longitudinal section, and Fig. 80 a vertical section. 

Four of these furnaces are built into a block. In the lower 
portion, A, arc burnt the lump pyrites on the grate, b ; C, is the 
ashpit with the working door, c, and the admission of air is 
regulated by means of small ventilators. The openings, d, 
serve for the introduction of the ore. The upper portion, B, 
serves for the roasting of the fines. A scries of fireproof tiles, 
3 inches thick, are arranged in shelves, and the fines are placed 
on them 2 inches thick, and these are set on fire by the burning 
of the lump ores in the lower portion of the furnace. The hot 
gases from A, pass through canals, e, in the walls of the furnace 
which are shown in the figures, over the shelves in the direction 
of the arrows, and the gases pass through the flue, f, to the 
lead chambers. 

The small holes, i, Fig. 80, which are closed with clay stoppers, 
serve for observing the roasting. The openings, g. Fig. 79, which 
are covered with iron plates serve for the introduction of the 
"fines," and also to discharge them after roasting into the 
canal, D. During the operation of roasting, the canal, D, is 
filled to the top with roasted ore, and this forces the gases to 
take the course indicated by the arrows over the various tiles. 
When the furnace has to be charged again, the canal, D, has 
to be emptied, through the door, h, and then the door is closed 
again and the fines from the lowest tile are drawn first into the 
canal, D, whose dimensions are so figured out, that it will hold 
the charge on the tile to the level of the same. Now the loivest 
tile is charged with fresh " fines " and the corresponding openii 
g, is closed, and the roasted ore from the second shelf is drawn 
into the canal, D, and the same is filled to the level of this 
second shelf. In this manner the operation is continued, till 
all the shelves are covered with fresh ore. Experience shows 
that 50 parts fines are roasted by 50 parts lump pyrites. The 
sulphur remaining in the ore amounts to 5 per cent. 

The furnace shown here has seven shelves and is 6 metres 
high from the floor level. The distances between the shelves 
has been reduced in some constructions from 20 centimetres 
to 10 centimetres, with a corresponding reduction in the height 
of the furnace, 
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Maletra's Furnace.— This is also a shelf furnace, constructed 
with fire-clay tiles, which are placed at certain distances one 
from the other, and arranged in such a manner that the ore, 




Maletra's Furnace. 



which is charged on the top she!f, has to pass over all the 
other shelves and is finally discharged in a roasted condition. 
Before the furnace is put in operation the same is brought to 
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a red heat, by burning fuel in the same on all the shelves, and 
when thoroughly heated the furnace is charged with ore, and 
the roasting proceeds by itself, as through the oxidation of 
the sulphides the necessary roasting temperature is maintained. 
Consequently a combination of a shelf with a lump furnace is 
not intended in this construction. 

Every shelf has its own working door, and the construction 
of the furnace is shown in the Figs. 81 to S3 : S is the shaft ; 
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/, t are the shelves ; a is the opening, provided with a hopper, for 
the charging of the ore on the top shelf; 0, o are the working 
doors for the respective shelves, and these are opened when 
stirring the ore or when transferring it from one shelf to the 
other. The roasted ore is drawn through the opening, k, into 
the space, w, from whence it is withdrawn through j>. The roast 
gases pass through the opening, m, into the canal, j; which 
leads them into the dust chambers, /"(Fig. 83), and from them 
into the canal, fi, which leads to the acid chambers. 



CHAPTER XVI. 

MECHANICAL ROASTING FURNACES. 



The most important types of this class of furnace are the 
Herreshoff roasting furnace, the Pearce turret furnace, the 
improved Spence furnace, and the Brown horseshoe furnace ; 
and among the mechanical furnaces should also be classed the 
various types of revolving cylinders with continuous discharge, 
like the White-Howell ; as well as the Bruckner cylinders with 
intermittent discharge. 

The Herreshoff Roasting Furnace.— This furnace consists 
of a series of superposed chambers or floors, furnished with rakes 
or stirrers and feeders, by means of which the materials under 
treatment are fed continuously through the scries of chambers, 
whilst being submitted to the burning or calcining process. 

As will be seen from Fig. 84, the rakes are fixed to a main 
shaft, passing vertically the chambers, which are provided with 
openings or passages from chamber to chamber, alternately at 
the centre and at the periphery, so that the materials are passed 
by the rakes across each floor and from chamber to chamber, 
until finally delivered out of the furnace by an outlet in the 
bottom. 

Fig, 84 represents a vertical transverse section through the 
furnace. Fig. 85 is a plan with a view of the floor thereof, taken 
on the line 2, 2 of Fig. 84. Fig. 86 is a plan view of a tile forming 
part of the trays, and Fig. 87 a section thereof on the line 4, 4 of 
Fig, 86. Fig. 88 is a centrepiece or keystone for the tile tray 
hereinafter referred to, of which the tile shown in Fig. 86 forms a 
part. Fig. 89 is a plan view of another form of tile for con- 
structing another form of tray. Fig. 90 is a section thereof on 
line 7, 7 of Fig. 89. Fig. 91 is a view of a keystone for the tile 
191 
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Fig. 84. — Herbeshoff Roasting Furnace. Vertical Transverse Section. 

arch or tray constructed of the species of tile shown in Figs. 89 
and 90. Fig. 92 is a plan view of a stirrer, showing the details of 
the stirrer arms in dotted lines. Fig. 93 is a side view thereof, 




Fig. 85.— Plan. 




Fig. 86. 



Fig. 89. 





Fig. 87. Fig. 91. Fig. 90. 

Figs. — 86 to 91. — Herreshoff Roasting Furnace. Details. 
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partly in section, the section being taken through the hub of 
the stirrer, and serving to exhibit the detailed construction and 
connection of a stirrer arm with a hub. Fig. 94 is a section on 
line 11, 11 of Fig. 93, looking in the direction of the arrow. 

The furnace is cylindrical, and A represents the walls. B is 
the roof, which is pierced for the reception of an exit pipe, C. 

D is the floor of the furnace, and E, E' are trays or roasting 
floors superposed one above the other. These roasting floors 
are differently constructed, according to the location of their exit 
passages. 

The floors, E, are constructed of tiles, e, which are provided 
with projections, e*. These tiles, e, have their projections, e\ 
built into the wall, A, of the furnace, as shown at e 1 , and bear 



I built into the wall, A, of the furnace, as shown at <r, and bear 
against a keystone, e 3 , placed in the centre of the furnace. 
There is a space or passage, e*, formed by the walls of the 
furnace and the edges of the tiles, e. The floors or trays, E' 
are constructed from the tiles, d, shown in Fig. 89. 
These tiles, d, have their edges built into the wall, A, of the 
furnace, as shown at d', and bear against an annular keystone, d 2 , 
at the centre of the furnace. 
It will thus be observed that the several floors or roasting- 
trays are in communication, the passages for such communication 
being at the edges of the floors, E, and at the centres of the 
floors, E'. 






Openings, F, are provided in the wall of the furnace opposite 
each of the several floors or trays. These openings are suitably 
closed or covered during operation of the furnace, but may be 
opened at any time to admit of the ready removal or insertion 
of a stirrer arm. The lowermost floor of the furnace is pro- 
vided with exit pipes, «, which arc pierced laterally through 
the walls of the furnace, and with draw-off pipes, b, which open 
downward. 

The vertical shaft is hollow, so that a large quantity of air 
is drawn up through it, this amount being increased by the 
introduction of a sheet-iron stack extended above the top of 
the furnace. The shafts or pipes employed are 14 inches in 
diameter. Between each shelf there is a cross channel passing 
through the shaft at right angles, which is 4 inches wide and 
5 inches high, and allows an ample space around it for the 
of the ascending air. Into this channel or socket the 
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arms are inserted. In the top of the channel, at the centre c 
the vertical shaft, is a pocket running across the channel. Into 
this a rib at the inner and top edge of the arm locks when the 
arm is forced into its proper position. The details of the 
stirring-arms are shown in Figs. 92, 93, and 94. 

The central shaft revolves one revolution in two minutes, 
and the plunger in the feeding apparatus makes two strokes in 
the same time. 

The outside casing of the furnace is J-inch steel, and is 
strongly riveted. The lining inside of this is of red brick, 
8 inches in thickness. The outside diameter of the furnace is 
about 10 feet, and the height about the same. 

Each furnace requires from T V to £ horse-power. The prin- 
cipal renewal is due to the corroding or burning out of the arms. 
Each arm weighs about 100 lb. The life of the central shaft 
would seem to be almost indefinite, inasmuch as it never reaches 
a low red heat. No fuel is required after the furnace is once 
started. The ores ordinarily used are either iron pyrites or 
iron pyrites containing copper pyrites. Roasting goes on quite 
satisfactorily with ores containing as low as 30 per cent of 
sulphur, and even in some cases as low as 25 per cent. The 
usual amount of 44 per cent, of ore roasted in a furnace of this 
size is over 7,000 lb. The roasted ore contains from 2\ to 3J 
per cent, of sulphur. 

The Brown Roasting Furnace is a single hearth rever- 
beratory, annular in shape, forming a large circle, having an 
outer diameter of 60 to 80 feet. The hearth proper occupies 
about four-fifths of the circle, the remaining one-fifth being cut 
out, and the free space thus formed being used to cool the 
rabbles. By means of projecting tiles in roof and floor, a narrow 
gallery is formed on either side of the hearth, which is shown 
at S (Fig. 95), covered with a low arch. In the conduits, C 2 
(Fig. 96), formed by the slotted walls and the exterior walls 
of the furnace, are placed rails, 0, upon which run trucks, 
k, supporting a stirrer arm, jI/ 3 , projecting through the slots. 
Fastened to that portion of the arm which extends over the 
hearth are stirrer shoes, resembling miniature ploughshares, 
hich dip down into the ore, lying in a thin layer on the hearth. 
The furnace at the fireplace is constructed as shown in fig. 95. 
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The ashpit is at r, the combustion chamber is at r 1 , which are 
divided from each other by an inclined grate, r 2 , the ashpit 
having a draft and cleaning opening, r 3 , and the combustion 
chamber a fuel feed opening, t*. Each fire chamber has a flue, 
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vertical pin,/ 4 , upon which a guide wheel, q l , preferably in the 
form of a sheave, is mounted to rotate in the horizontal plane. 
The sheaves, ^', project a short distance into the chamber, C, 
and the base plates, p\ extend across or nearly across the 
chamber, C, to the partition, t. At the inner side of the box is 
a removable back plate, /% which extends from the top plate 
down nearly to the sheave. The base plates are constructed to 
afford rail chairs, on which is mounted a continuous track rail, o. 
Extending around the partition, s, in the chamber, C s , is a 
continuous rail, o'. 




Fig. 97. 



Furnace. Details of Boxes. 
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The slotted walls are formed by fireclay tiling, which 
projects upward from the hearth, and by firebrick which project 
downward (see S, Figs. 95 and 96) 

The skew-backs of the arch are steel channels supported on 
short columns, the spaces between the columns being 3 feet 
6 inches long by 12 inches high these openings extending 
the entire length of the hearth, forming a continuous slot 
on both sides ; they are closed by sheet-iron doors lined with 
asbestos. This construction permits of ready access to the 
hearth at any point for repairs, etc., without having to tear 
down the brick construction to get to the interior of the furnace. 
From the ground to the hearth the furnace may be conveniently 
built of uncut stone, and the rest of the furnace constructed of 
brick, the structure bound together by steel I-bcams. 

Fireboxes, in number and position to suit the length 
furnace and the character of the ore, are provided. 

The stirrer carriages arc drawn by an endless steel 
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rope, which runs in the inner conduit, and is supported on small 
horizontal grooved wheels placed sufficiently near each" other to 
cause the rope to conform to the curve of the furnace ; the 
rope is driven and kept taut by passing it around a system of 
wheels driven by a small slidevalve engine provided for that 
purpose. 

Fig. 98 represents a circular furnace. At E, F, G, II are the 
furnaces, located at intervals, around the outer wall, A. At 
the break or open space, D, is a frame work, D l , which supports 
the ore-feeding mechanism. In the space enclosed by the 




furnace structure is an engine, indicated at A", from which 
the various moving parts of the construction are operated. 
Journaled in the framework, D l , are a drive shaft, «, which is 
belted to the engine, not shown, a shaft, «', belted to the shaft, n, 
and a shaft, n 2 , carrying a gear wheel, « n , driven by a pinion, «*, 
on the shaft, »'. 

A wall, A* Fig. 99, forming the continuation of the wall A 3 , 
extends to the height of the plane at the openings, q, across the 
break, D, and the same supports the sheaves, g l , as indicated in 
J""'g' 98, which complete the circle described by the series of 
sheaves. The wall, A*, also supports the rail, 0, where the latter 
extends across the break. Forming part of the framework, D 1 , 
are beams, vi, resting at their inner ends on the wall, A*, and 
supported at their outer ends upon posts, w 1 . The beams, M, 
also support the track, o x , where it extends across the break, D. 
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L is an endless cable, which extends around the wall, A*, in 
the chamber, C\ against the sheaves, q l . The shaft, n 2 , in the 
framework carries a drum, /, and below and parallel with the 
shaft, n 3 , is a shaft carrying a drum, /', which extends at 
the lowest part of its circumference in the plane of the sheaves, 
q 1 . From the sheaves, q\ at one side of the drum, /', the cable 
passes, as indicated in Fig. 98, under the drum, P, to and over the 
drum, /, thence under the weighted pulley, P, back to and over 
the drum, P, to the sheave, q 1 , at the opposite side. The 
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weighted pulley, P, is suspended from the cable, and thus 
operates as a tightener for the latter. 

The stirrer carrier frames, M, M, are of T shape, each 
comprising a head bar, M 1 , and an arm, M 2 (see Fig. 100). 

The head bar, AP, may be l_ shaped in cross section, and 
curved longitudinally to conform approximately to the circle 
described by the track rail, o. It is provided at opposite ends 
with grooved wheels, k, sec A, Fig. 102, which travel upon the 
rail, o. The partitions, s, S 1 are separated by longitudinal slots, 
t l , s l , see Figs. 95 and 96, just large enough to permit the arms, 
AP, which extend from the chamber, C a , to move without 
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obstruction from the partitions. At the ends of the arms, 
At*, arc grooved wheels, /-', which travel upon the track, . 

Near the forward end of each head bar, M 1 , is the cable- 
gripping mechanism, At*. The gripping mechanism comprises 
a fixed part, formed with two side plates, i, t\ secured to the 




side of the bar, At 1 , and a cross plate or bar, i* 1 , which affords 
the upper gripping jaw, and a movable part comprising a plate 
/;, which slides in vertical guide grooves, P, in the plates, *', and 
has a flange, h 1 , at its lower edge affording the lower gripping 
jaw. Through the plate, h, is an opening, It 1 , of the form shown 
partly by dotted lines in A, B, and by full lines in C, Fig. 101. 
On the bar, M 1 , is a bearing, /; 3 , for a short horizontal rack 
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shaft, A 4 . The shaft, A 4 , extends through the opening, A 2 , in 
the plate, A, an upward extending switch finger, A 5 , and, at the 
opposite side of the bar, Af l , a downward extending switch 
finger, /A In the opening, fr, is the link, i\ pivotally connected 
at one end to the finger, //', at A*, and pivotally connected at its 
opposite end to the plate, A, at A°. 

In the open space, D, near the end, x, of the roasting 
chamber is the stop, y, in the path, when the gripping jaws 
are closed, of the switch-finger, /(" ; and in the open space, D, 
near the end, a a , of the roasting chamber is a stop, y\ in the 
path, when the gripping jaws are open, of the switch-finger, A\ 
In the movement of a stirrer frame, M, when it enters the open 
space, D, its switch finger, A", strikes the stop, y, causing the 
shaft, A*, to rock, to turn the switch-finger, h h , to the raised posi- 




tion shown in A, Fig. 101, and draw down the link, A', and plate, 
A, to open the gripping jaws ; and in the further progressive 
movement of the stirrer frame toward the end, .r 1 , of the roasting 
chamber, the switch-finger, if, strikes the stop,y, turns the rock 
shaft, A 4 , and finger, A", to the positions shown in B, C, Fig. 101, 
and B, Fig. 102, forcing up the link, A 1 , and plate, A, to close the 
jaws, A 1 , i 1 . The jaws of the gripping mechanism arc in position 
to engage the cable as they close, and in opening they release 
the cable. 

The switch-finger, !v", is provided on its upper end with teeth, 
A"', which are engaged by a pawl, A", pivoted on the head, M 1 
(A, Fig. 101), the effect of which is to insure the holding of the 
switch-finger and attendant mechanism in gripping position after 
it has been acted upon by the stop_t'. Just before reaching the 
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stop,_y, the pawl is released through the medium of the rod, A ,s , 
which is tripped by impact with the stop, y, thus permitting the 

parts to be thrown out of gripping position when the finger, A 6 , 
comes into contact with the stop, y. For this purpose the rod, 
(4 B , is pivotally connected to the pawl, A", and projects obliquely 
downwards to a point slightly in advance of the finger, /* B , 
where it is pivotally connected to a wiper, //", pivoted on the 
fixed jaw, *>. Thus when the wiper comes into contact with 
the stop,/, the pawl, h n , is lifted out of engagement with the 
teeth, and it drops back to its normal position when the stop 
has been passed. 

The arm, J\P, of each stirrer frame, comprises a bar, g, which 
is fastened at one end to the bar, M\ preferably midway of the 
length of the latter, extending therefrom at a right angle, to 
the track, <?\ upon which its wheel, £', travels. In the annular 
space between the circles described by the partitions, t, s, the 
bar, g, is provided with, say, three clips, g\ which extend across 
the top and down the sides of the bar, and are formed below 
the plane of the under side of the bar with key openings, g 1 . 
Extending over the bar, g, and clips, g 1 , is a shield, f 3 , held in 
place by bolts, g*. which pass across the underside of the bar, g. 
The stirrer blades, / are fastened to angle-iron braces, / l , 
secured to the under surface of a bar,/ 2 (D, Fig. 101). The 
stirrer blades extend parallel with each other and obliquely 
with relation to the bar, f' 2 . The bar, / 2 , fits between the 
sides of the clips, against the cross- bolts, £ 4 , and is held firmly 
in place by keys,/ 3 , driven across its under surface through the 
key-openings, g*. 

The ore to be roasted may be conveyed to the furnace in 
dumping cars travelling upon a track, X, above the furnace 
and which enters the frame work, D x ; and is dumped into the 
hopper, P (Fig. 104). 

The lower end of the hopper is closed by a wheel, P 3 , 
mounted upon journals in the framework to rotate in the 
vertical plane, and provided lengthwise with radial partitions, 
affording segmental pockets, open at the circumference and 
closed at the end. Around the wheel at one end is a ratchet, P 3 . 
Below this wheel, and pivoted upon a shaft, e, is a dumping 
lever, R, one arm of which, e l , carries an adjustable weight, e", 
the other arm, e 3 , being free. Integral with the lever, ft, is a 




fan-shaped platform, R\ held by the counterweight, e 1 , normally 
in the horizontal plane across the underside of the wheel, P\ 

Rotating in the framework is a shaft carrying a ceank, e 4 , 
and pivoted at one end to the crank is a pawl, /, which at its 
free end engages a tooth of the ratchet, P*. Pivoted at one end 
to the arm, e l , of the lever and at its opposite end to the pawl, «*, 
is a link, e*. The lever, R, swings from the position shown by 
full lines in Fig. 104, wherein the platform, R\, extends across the 
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underside ot the wheel, P\ and the pawl, e*, engages the ratchet, 
P 3 , to the position indicated by dotted lines, wherein the plat- 
form, R 1 , rests against a stop, e', on the framework, the pawl 
is out of engagement with the ratchet, and the arm, e 3 , extends 
downward into the path of the stirrer arms, M*. 

In operation the ore to be roasted is dumped into the hopper, 
P, and fills those pockets, /", of the wheel, which at the time 
register with the discharge end of the hopper. The crank, e x 
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rotates continuously and causes the pawl with each revolution 
to reciprocate and move the wheel around the distance of one 
tooth of the ratchet, P\ As a pocket passes across the hopper 
it is filled with ore, which, as the pocket leaves the hopper, is 
dumped upon the platform, R l . When sufficient ore has been 
deposited upon the platform to overcome the weight, e 1 , the 
lever upsets, and the ore is discharged from the platform, R 1 , 
upon a stationary inclined platform, R-, which terminates over 
the hearth end, .r 1 , of the roasting chamber just above the path 
of the stirrer arms. The lateral edges of the platform, A", 
diverge, whereby it is widest at the discharge end, and on the 
surface of the platform are ribs forming the said surface into a 
series of radially diverging chutes, which spread the ore as it 
runs therefrom over the platform, R 2 : see Fig. 104. 

The latter platform is also formed with diverging chutes, 
causing the ore to be distributed uniformly across the hearth. 
When the lever, R, is upset as described, the pawl, £ b , is raised, 
through the medium of the link, e 5 , and the wheel, /", remains 
stationary. The weight, c ! , is swung to a point above the 
fulcrum of the lever whereby the latter remains balanced in 
its upset position with its arm, e*, extending into the path of 
the stirrer arms as before described. In the movement of a 
stirrer arm below the lever, it impinges against the arm, e 3 , and 
turns the lever until the weight, e s , overbalances the latter and 
swings the platform, R 1 , to the horizontal plane, and the pawl 
into engagement with the ratchet, / j3 , By adjusting the weight, 
e 3 , upon the lever, the quantity of ore discharged upon the 
hearth with each operation may be regulated, and the frequency 
of the charges may be regulated by timing the travel of the 
stirrer arms, as hereinafter described. 

The cable travels continuously, and two, four, six or more 
stirrer carrier frames may be employed, according to circum- 
stances. The stirrer blades are set obliquely to their direction 
of travel, the blades of alternate, that is to say, of every second 
one of the carriers pointing in the direction of the partition, t, 
and the blades of the intervening carriers toward the partition, s, 
this arrangement being usual in furnaces of this character. At 
the end, x l , of the roasting chamber is a vertically swinging self- 
closing door, z, and between the firebox, E, and the end, x, 
are two similar doors, s 1 and s 2 . When a stirrer frame grips 
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the cable it strikes against and opens the door, s, which closes 
when released, and moves into the furnace, carrying in the ore 
deposited upon the hearth by the feed. 

In Fig. 98, two stirrers are shown at rest in the open space, D, 
one just released from the cable and the other ready to engage 
the latter. When a stirrer frame advances from the end, x, it 
strikes the rearmost stirrer in the open space, and advances it 
and the foremost stirrer until the latter grips the cable and 
advances into the furnace. In practice the stirrers may follow 
each other, say one minute apart, causing the feed mechanism 
to deposit ore upon the hearth at intervals of a minute, and 
each stirrer to remain in the open space two minutes to cool. 
The time may of course be varied as desired. The construction 
of the stirrer arms gives an air-space around the bar, g, except 
at the points where the clips, g\ and bolts, g*, intervene, the 
bar, g, is thus protected from the heat of the roasting chamber, 
and as the shield, g 3 , is cooled off regularly at the open space, 
as described, the stirrer arms will last an indefinite time. In 
the event that any of the stirrer blades become seriously injured 
by the heat of the roasting chamber or contact with the ore, 
the bar,/ 2 , carrying the blades may be quickly removed, when 
the stirrer reaches the open space, by knocking out the keys, / 3 , 
and replaced by another bar, f 2 , without stopping the operation 
of the stirring mechanism. 

As a safeguard against binding of the cable, in the event 
of its becoming slack at any time, and dropping from the 
sheaves, q', there is provided upon each base plate, /', beyond 
the back plate, p B , and below the sheave, an inclined guard 
projection, f> e , in the arc of the circle described by the lower 
edge of the sheave and close to said edge, upon which the cable 
will drop in the event of its leaving the sheave, and which will 
guide the cable to the sheave when the slack is taken up. 

When the ore has been advanced by the stirrer around the 
roasting chamber it may be discharged through an opening, Z, 
in the hearth and into cars which move upon a track, Z l , Fig. 105, 
below. As the stirrers pass from the roasting chamber, the 
door Z l closes before the door Z 2 opens, and undue access of 
air is thus prevented. 

In the roof of the roasting chamber, adjacent to each firebox, 
is an opening, d, closed by a removable lid. In the event of the 
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accumulation of matte ; 
through thd adjacent opening, d, and the matte loosened. This 
is a very desirable feature, particularly when lead ores are to be 
roasted. The openings are placed adjacent to the fireboxes, 
because those are the hottest parts of the roasting chamber, 
and where the matte would form. In the straight furnace the 
best width for the roasting hearth is 10 feet, and for the curved 
hearth 8 feet. The straight furnace may vary from 60 to 1 
feet in length, and the diameter of the round ones may be from 
50 feet upwards, In localities where economy in floor space 
need not be considered, the round or the elliptical type may be 
used, being simpler in construction, and costing less per square 
foot of hearth area than the straight furnace. 




Fig. 105.— Discharge Opening of the Brown Roasiing Furnace. 

Silicious ores, containing from \ to 3^ per cent, of sulphur 
will require from 13 to 15 square feet of hearth area per ton. 

Mattes, which usually contain from 18 to 20 per cent, of 
sulphur, when it is required to bring the sulphur down to about 
4 per cent., need about 45 square feet. 

Sulphide ores roasted for smelting purposes require 33 to 
35 square feet ; for roasting iron sulphide concentrates, which 
carry from 35 to 45 per cent, down to t e jt per cent, of sulphur, 
from 55 to 60 square feet per ton. From 100 to 135 lb. of coal 
are required per ton of silicious ore, and half that amount for 
concentrates roasted down to about 4 per cent, of sulphur. 

When it is necessary to roast sulphide ores and mattes to 
below 1 per cent, of sulphur a higher heat and more fuel will 
be required, the fuel expense increasing in proportion to the 
perfectness of the roasting. 
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The Pearce Turret Furnace, manufactured by the Stearns- 
Roger Manufacturing Company, of Denver, Colorado, may be 
described as a long, narrow hearth, bent around a circle, the cir- 
cumference of which is a little greater than the length of the 
hearth, so that the two ends do not quite meet. At this broken 
part the roasted ore is discharged. The fresh ore is auto- 
matically fed from a hopper at the other side of the break, and 
is gradually stirred and moved forward by rabbles attached to 
hollow, air-cooled arms, revolving around a stationary, central 
column. 

In the centre of the circle stands this iron column, which acts 
as a vertical axle for the revolving framework. This frame 
carries four pipe arms, radiating horizontally from the column, 
and projecting through the inner wall of the hearth. On the 
end of the pipe arms are blades for the rabbling of the ore. 
The wall of the hearth forming the inner circle is provided with 
a continuous slot for the sweeping passage of the two revolving 
arms, and this slot is closed by an endless steel tape, which 
revolves bodily with the rabble arms, being continuously pressed 
against the slot, so as to mostly exclude the cold air. The 
entrance of outside air is still further counteracted by the 
employment of a slight blast under the grate and through the 
hollow rabble arms, which balances the tendency of the draught 
to suck air into the furnace, cools all the exposed iron surfaces, 
and enables the metallurgist to introduce an accurately gauged 
quantity of air for the purposes of combustion and oxidation. 
The inner skewback wall, that is to say the wall immediately 
above the flue, is hung from heavy I-beams, whose extremities 
are supported by the central column, and by the outer walls of 
the furnace. The bracing of the furnace is exceedingly simple 
and effective, consisting merely of circular iron bands from the 
outside, while any distortion is prevented by radial struts, like 
the spokes of a wheel, between the lintels and the central 
column. Two or three fireplaces are spaced around the outer 
circumference of the circle at appropriate points, the entering 
flame being kept from immediate contact with the ore by short 
curtain arches. 

The ore is moved along the hearth by the rotating pipe arms 
in the direction opposite to the movement of the gases. The 
ore is stirred once in 40 seconds, or a total of 540 times, during 
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the 6 hours that it requires to pass from the feed to the discharge 
opening. Of course the time of roasting and number of stirrings 
can be regulated to suit the requirements of the material under 
treatment. 

The width of the hearth is either 6 or 7 feet, and the 
diameter of the enclosed circular space is ipi feet, and of the 
furnace over all 36 feet. The fireplaces project 6 feet further, 




Fig. 106. — Pearce Turret Calciner. Plan. 



and the entire furnace can stand in a quadrangle, 36 by 42 feet, 
thus occupying 15 12 square feet 

Figs. 106 to 114 illustrate the Pearce turret furnace. A is 
the hearth, forming a circle with a wedge-shaped piece removed 
for the discharge of the roasted ore. This hearth is generally 
constructed over a dust chamber through which the gases pass 
in a direction contrary to that in which they move upon the 
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hearth. D is the first fireplace, and B the second one, the gases 
moving around the hearth to the flue and downtake, F, through 
which they pass to the dust chamber. The inner hearth wall 
has a continuous slot, G, for the passage of the spoke-like rabble 
arms, H, which have their hub,/, around the central column, /. 
This column is stationary, and is hollow, to admit of the passage 
of a light blast of air to the wind box (hub), /. The superior 







portion of the inner wall and skcwback cannot be built up in 
the usual manner, and is therefore hung from the eight 12-inch 
I-beams, A', by means of stirrups, k, and the cross beams, L. 

The rabble arms, H, are strongly held by means of the straining 
rods, h, and are revolved by the pinion, M, which meshes into 
the bull wheel, N. The wheel is centred by the rollers, «, and 
the entire weight of the rabble arms and driving gear is taken 
by the conical rollers, 0, running on the circular track, ; no 
weight at all comes upon the hub,/. A 5-inch pipe, 7 J , protects 
the driving shaft, /, where it traverses the dust chamber. The 
rabble arms have a joint at Q, so that they can be adjusted to 
suit the wearing of the plough blades. The blast coming 




gas pipe), and, cooling that portion of the arms which is exposed 
to the heat of the gases, streams out into the hearth through 





rt^gr* 


1 ■ 







Fig. 1 10. — Fireplaces with Step Grates of Fearite Turret Fubnace. 

openings and little pipes, thus cooling the ploughs and furnishing 
hot air for the oxidation of the ore. On the first portion of the 
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hearth, where the fresh ore is being gradually heated, no i 
desired. The blast is, therefore, cut off opposite the ore hopper 
by means of the butterfly valves, <;, a, which are closed by the 
stop, b, and again opened at C Heated air is also introduced 
through the exterior wall of the hearth by means of the intra- 
mural passages, d. 

The ore is dropped upon the hearth from the hopper, S, 
by an automatic feed, is gradually advanced by the ploughs in 
a direction opposite'to the gases, until it is discharged at B, 





into a car. The 12-inch I-beams, A', take their bearings on 
the central column and on the main outside wall of the furnace. 
See the Top View Battery of furnaces at Argo, in Colorado, 

Fi g . 108. 

The ploughs or rabble blades are made in two forms — 
cctangular sections of plate steel — £ inch or g inch thick, set 
vertically on an angle with the line of the arms, or pieces of bar 
iron set vertically and clamped to the arms. The greater length 







of the outer circumference of the hearth, as compared with the 
inner, seems to have no ill-effect on the result, the roasting being 
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absolutely uniform over the entire width of the furnace, and 
the length of each individual plough blade increasing slightly 
towards the outer circle, so that it can move the ore the slightly 
greater distance demanded by the increased size of the circle. 
The ploughs or blades last four to six weeks on pyrites con- 
taining 40 per cent, of sulphur. The rabble arms that carry the 




ploughs are of 5-inch pipe, and last a year. When the ploughs 
require renewal, the section of the pipe arm extending over the 
hearth is unjointed on the column side of the inner wall, and a 
new section with ploughs attached is substituted — an operation 
requiring a very few minutes. 

The fireboxes burn slack coal, and are provided with a step 
grate shown in the figure. The fireplace, E, nearest the feed 
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is provided with a curtain arch, as the ore is easily fusible at 
this stage of the roasting. The discharge vault is provided 
with a light stack, 2T, to carry off the fumes. 

To regulate the amount of ore handled, the automatic feed 
may be adjusted, or the speed of the rotating arms may be 
increased or diminished, or both. The access of air is controlled 
absolutely by the rabble doors in the outside wall, by the 
amount forced through the hollow arms when air is used for 
cooling, and by the forced blast used under the grates. The 
control of air used may be reduced to the accuracy of a specific 
number of cubic feet per minute. By the double doors either 
side of the discharge vault, the steel shields over the slot, and 
the doors in the outer wall, the air can be almost totally 
excluded, if desired. About two-horse-power is required to run 
the furnace and blast. 

For chloridising, salt can be fed at any point, thereby 
saving the large loss occasioned by mixing with the raw ore, 
as in other forms of furnaces. 

A perspective view of the Pearce single turret furnace is 
shown in fig. 112. 

The Colorado Smelting and Mining Company, of Butte, 
has erected double-decked turret furnaces, the upper hearth 
of which is supported upon an arch that takes its peripheral 
bearing upon the main external wall of the furnace, while its 
inner skewback is supported by the same interior wall that 
has been already described as hanging from the heavy radial 
12-in. I-beams. The inner wall above the slot of the upper 
hearth is hung from a second set of I-beams, 6 feet higher than 
the set belonging to the lower hearth. Each hearth is provided 
with two fireplaces, and by this means the capacity of the 
furnace is more than doubled as compared with the single 
hearth calciner ; a great saving in labour and fuel being 
effected. 



CHAPTER XVII. 

GAS GENERATORS. 

In connection with the roasting of ores, the economic utili- 
sation of fuel has to be considered ; and from a theoretical 
standpoint, the ideal way is first to convert the coal into gas in 
a producer, and then to burn this gas with air in the combustion 
chamber. A great number of appliances have been patented, 
but only those of simple construction, and applicable to 
roasting furnaces, will be mentioned here. 

Operation of Gas Generators.— The generator gas contains 
as its principal constituent carbonic oxide, and is obtained 
through the volatilisation of solid fuel with the assistance of 
air. The fuel is placed in the generator, and partially burned 
by means of air which is admitted from below. The generator 
gas is composed of carbonic oxide, nitrogen, small quantities 
of carbonic acid and hydrogen, and carburetted hydrogen gas 
(marsh gas) ; and, according to its volume, can be represented 
by the following percentages : — 

Nitrogen 64 

Carbonic acid 4 

Carbonic oxide ...... 24 

Hydrogen 6 

Carburetted hydrogen .... 2 

The oxygen of the atmosphere in contact with the burning 

material forms carbonic acid ; in the upper portions of the fuel 

column, where the oxygen meets a higher temperature, carbonic 
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oxide is produced. The heat, which is disengaged through the 
oxidation of the carbon, is taken up by the gases, which set 
the whole mass of fuel aglow; and in this way, while the 
carbonic acid gas passes through the incandescent i 
converted into carbonic oxide. The height of the column of 
carbon must be sufficient to consume the oxygen of the air. 
The result of the carbonisation is a mixture of carbonic 
oxide, nitrogen, some carbonic acid, and small quantities of 
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hydrogen. The last is produced by the decomposition of any 
moisture in the fuel. 

The carbonic acid does not burn, and by its reduction to 
carbonic oxide causes a loss of heat; and therefore its produc- 
tion at a high temperature in the generator must be prevented, 
and the height of the column of fuel must not be too low, as 
otherwise too much carbonic acid is produced. 
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Single compartment generators are either vertical shafts, 
or shafts with inclined sides. They are provided with openings 
for the feeding of the fuel, for the discharge of the ashes, for the 
introduction of the air required for the volatilisation, for the 
discharge of the gases, and for observing the operation in the 
furnace. When wood is employed, the shaft is larger than 
would be the case when coal is used. The grate is usually 
inclined, and the fuel rests on the same and on the inclined 
sides of the generator. 

The Siemens Generator. — The generators are generally 
placed close to furnaces in which the gases arc to be burned. 




■The BicHEEOUJt Generator. 



Aii isolated generator designed by Siemens is shown in Fig. 1 1 5. 
In it the front wall is inclined, and consequently the shaft, A, is 
narrow in the bottom. The front wall, b, ends in the bottom in 
a step grate, c, which adjoins a horizontal grate, d. The top of 
the generators arc formed by arches in which are four openings, 
C 1 , C s , C 3 , C 4 , for the introduction of the fuel, and also to introduce 
iron bars to detach clinkers and to remove obstructions. Some 
generators have special openings for this purpose. On the 
inclined side, b, the coal becomes carbonised, and on the grate 
below the same becomes volatilised. The gases pass through the 
canal, f, into the chamber, //, into a conduit, in which tar and 
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water precipitate. Generally four of these generators are in a 
block as shown in the figure. The canals, f, can be closed 
by a damper, g. 

The Bcetius Generator is shown in Figs. 1 16, 1 17, and 118. 
The front wall, a, is inclined, on which the fuel slides down on 
the grate,/. The charge hole is at s, and in the lower portion 
is an opening, 0, which serves for the introduction of air into 
the generator and also for the raking out of clinkers. 

The gases pass through the canal, G, into the furnace. The 
air, which is required for the combustion, is preheated in the 
canals, k and m. The air which is heated in k, k, passes through 



Fig. 120.— The Bicheroux G; 



w to the gases, and the heated air from m passes through v 
into the furnace. The air which passes through the canals, k, 
comes out at *', as shown in plan, Fig. 1 17. The air which passed 
through the canals, o, passes out through/, and escapes through 
the slit, 7<*in Fig. 1 18, or x in Fig. 1 16. The generator gas is 
thereby furnished with heated air from two channels. 

The Bicheroux Generator, Figs. 1 19 and 120, is very similar 
to the Bcetius, with the difference that the front and back 
walls are inclined, giving it more capacity. In consequence 
of this arrangement the generator cannot be built contiguous to 
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the furnace, but is connected by means of a canal, k. The 
fuel is introduced through s. 

In this generator, the heating of the air takes place within 
the walls of the furnace ; thence it passes into the canal, g> and 
through // into /*, where it mingles with the furnace gases. 
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Fourth Edition. Revised and Further Extended, including the most Recent 
(iSgj) Example! ol Su I '-aqueous and other Tunnels by D. Kinnear Clark, 
M.Inst. C.E. With 34 Folding Plates. Imperial Svo, cloth , J52 2s. 

1896) edition has be«l brulieht right lip to dat.s jnd 15 thus rendered a work la 
!■■ ;;■■!, ii.ill. should have n-ady access, and tu which engineers who have con- 
Is invaluable, as from its pages they c— '-'- 
■{Mined. "— Railway Ntirs. 

THE WATER SUPPLY OF TOWNS, AND THE con- 
struction OF WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. By 
W. K. Burton. A.M.lnst.C.E.. Consulting Engineer to the Tokyo Water- 
Works. Second Edition. Revised and Extended. With numerous Plates and 
Illustrations. Super-royal Svo, buckram, [Just Published. 25/- 

orWATat.,— III. Qui 



which ci 



, Thei 





dHli.KRY.-XVIi l'lo» -r W«ii« in Conduits 




-i'i ,.],:, .iiiiim f.]i»NNh-Lb.-xvirr ■!-..■■ 




BITIOS SlSTKMS.— XIX. StKCAI. 1 'ftO V] - |..>;: S. 


St-Hfi.v I* SvKfiah.wf. 


1-OK ll'l. ii>.[ IS. [].:S- .,!■ [-[Rt.-XX. i'l -: ■ ,:■■: 




'.VM"- i ..v.. rt i,,--XXI. ]'l< EVICTION Iff W.lSlt. 


vi./i.n.-Vl. Cl.wili'i- 


,>]■■ Watee.-XMI. Various ALLIANCES USED 




IN CONNECTION WITH WATERWORKS. 


Mn^ns [),„. — IX. 

The I'i.mt-^atios- or 

■ ,-■. Xll S..., 




Appzhdoi I. By Prof, JOHN MILNE. F.R.S. 




Earth uaiki ait Water- 


L'»H FttTt«Tl.H \1V. 


works, AND THE Sill !M. I'll-EAI.-IIMS TO 
BE TAKEN IN EAHTHO.UACK COUNTRIES. 


.' IT F 1 . \\ ■. 


Appenpii II. By JOHN DE RIJKE. C.E— 
On Sand Dunks mi Dunk Sand as a 


!■ «!«Vu IBS. I.",, .l.KiiKl.S 


>s. -XVI. l'uufur. Ma- 




lillraiiuii of wilkt Is very 


c..i[i|.N.-tn and th.. details of construction -veil illus- 


'■:■■: .11 . ^ L 

he author upon ill- n'rarrir 


: .bl.. i.i i-.-.:\ ..r. -'Li i ..-::. i.im.i.it.d in ivoik in jjpan, 


lity."— Enginiir. 

1 .;• ...... ■...,:„.-... -An ■ ih.- 1 : 1 . ■ L . : . r I Li . ■ n ■■' 



d diaerai 



-illy iu-i.il 



red with s 



RURAL WATER SUPPLY. 
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HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULAE. 

For Finding the Discharge of Water from Orifices. Notches, Weirs, Pipes, and 
Rivers. With New Formula, Tables, and General Information on Kair.i.ill. 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer. M.R.I.A. Third Edition, carefully 
Revised, with considerable Additions. Numerous Illustrations. Crown Svo, 
cloth , 14/- 






n the subjec 



HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text Intended as a Guide in 
Hydraulic Calculations and Field Operations, By Lowis D'A. Jackson, Author 
of "Aid to Survey Practice," "Modern Metrology," &c. Fourth FdiiLini, 
Enlarged. Large crown Svo, cloth 16/- 

may be accepted as a trustworthy guide to this bratich 
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WATER ENGINEERING. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisation 
of Water for the Supply of Towns, for Mill Power, and for other Purposes. By 
Charlkk Slago, A.M. Inst. C.E. Second Edition. Crown Svo. cloth . 7/6 

■Tlit author has coUatedliw results dedui 
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n CROSBY LOCA'iVOOD &> SOX'S CATALOGUE. 

THE RECLAMATION OF LAND FROM TIDAL WATERS. 

A Handbook for Engineers. Fancied Proprietors, and others interested in Works 
of Reclamation. Bv Alexander Bbazelsy, M.Inst.C.E. With Illustrations. 
Sro.doth. [Just Published.. Nit 10/6 



"The book shows to a co o rii e way what has to be done in reclaiming land from the sea, and the 
beat war of doing it. The work contains a neat deal of practical and useful information which cannot 
fall to be of service to engineers entrusted with the enclosure of salt marshes, and to land owners 



intending to reclaim land from the sea."— 7"*« Engineer. 

" The anthor has carried out his task efficiently and well, and his book contains a large amount ot 
Information of great service to engineers and others interested in works of reclamation." — Nature. 

MASONRY DAMS FROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 

Diagram of Forces. &c. For the use of Civil and Mining Engineers. By C. F. 

Cocrtxey. M.Inst.C.E. Svo. cloth ' 9/- 

u Tbe volume contains a good deal of valuable data, and furnishes the engineer with practical 
advice. Many useful suggestions will be found in the remarks on site and position, location of dam, 
foundations and construction." — HuuJing Xezss. 

RIVER BARS. 

The Causes of their Formation, and their Treatment by "Induced Tidal Scour; " 

with a Description of the Successful Reduction by this Method of the Bar at 

Dublin. Bv I. J. Mann, Assist. Eng. to the Dublin Port and Docks Board. 

Royal Svo, cloth 7/6 

" We recommend all interested in harbour works — and. indeed, those concerned in the improve- 
ments of rivers generally — to read Mr. Minn's interesting work." — Engineer. 

DRAINAGE OF LANDS, TOWNS, AND BUILDINGS. 

By G. D. Dempsey, C.E. Revised, with large Additions on Recent Practice 

in Drainage Engineering, by D. Kinnear Clark, M.Inst.C.E. Third 

Edition. Fcap. Svo, cloth. . " 4/6 

" The new matter added to Mr. Dempsey 's excellent work is characterised by the comprehensive 
grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient voucher." — 
Atherurum. 

TRAMWAYS : THEIR CONSTRUCTION & WORKING. 

Embracing a Comprehensive History of the System ; with an exhaustive Analysis 

of the Various Modes of Traction, including Horse Power, Steam, Cable 

Traction, Electric Traction, &c. ; a Description of the Varieties of Rolling Stock ; 

and ample Details of Cost and Working Expenses. New Edition, Thoroughly 

Revised, and Including the Progress recently made in Tramway Construction, 

&c. &c. By D. Kinnear Clark, M.Inst.C.E. With 400 Illustrations. 8vo, 

780 pages, buckram 28/- 

"The new volume is one which will rank, among tramway engineers and those interested in 
tramway working, with the- author's world-famed book on railway machinery." — The Engineer. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work in the 
Colonies. By George W. Usill, A. M.I. C.E. With 4 Lithographic Plates and 
upwards of 330 Illustrations. Seventh Edition. Including Tables of Natural Sines, 
Tangents, Secants, &c. Crown 8vo, 7/6 cloth; or, on Thin Paper, leather, 
gilt edges, rounded corners, for pocket use. [Just Published. 12/6 

" The best forms of instruments are described as to their construction, uses and modes of employ- 
ment, and there are innumerable hints on work and equipment such as the author, in his experience as 
hiirveyor, draughtsman and teacher, has found necessary, and which the student in his inexperience 
will find most serviceable." — Engineer. 

"The latest treatise in the English language on surveying, and we have no hesitation in saying 
(hut the student will find it a better guide than any of its predecessors. Deserves to be recognised 
ait the In Ht book which should be put in the hands of a pupil of Civil Engineering." — Architect. 

AID TO SURVEY PRACTICE. 

I'm' Kv.U'.vtuivt*. in Surveying, Levelling, and Setting-out; and in Route Surveys 

nt TravflltMs l iy Land and Sea. With Tables, Illustrations, and Records. By 

Liiwi!i D'A. Jackson, A. M.I. C.E. Second Edition, Enlarged. 8vo, cloth 12/6 

" Mi. |iii krion lias produced a valuable vade-mecum for the surveyor. We can recommend this book 
Uh coiiliiliiliiK.iii admirable supplement to the. teaching of the accomplished surveyor." — Athena; urn. 

" 'I lie iitiihoi bilngs to his work a fortunate union of theory and nrar.tir.al experience which, aided 
by u t h,ii ,tml )\nU\ style of wilting, renders the book a very usefu' **er. 







ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and Use of 
Theodolite ior Traverse Survevin;,' and Hot ii rig the Woi k with minute accuracy 
by means of Straight Edge and Set Square only ; Levelling with the Theodo- 
lite; Setting-out Curves with and without the Theodolite; Earthwork Tables 
&c. By \V Davis Haskull, C.E. "With numerous Woodcuts. Fourth Edition, 
Enlarged, Crown 8 vo. cloth 12/- 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of I ian- f-.ir Koads and Railways ; Canals, Rivers, 
Towns' Water Supplies; Docks and Harbours With Description and Use of 
Surveying Instruments. By W. Davis Haskoll, C.E. Second Edition. Revised, 
with Additions. Large crown Svo, cloth 9/_ 






PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to purposes of Railway and Civil Engineering in the 
Construction of Roads ; with Mr. TE1 .KrilD'fl Rblea for the same. Bv Fbedehick 
W. Simws, M.Inst.C.E. Eighth Edition, with Law's Practical Examples for 
Setting-out Railway Curves, and Thautwine's Field Practice of Laying-out 
Circular Curves. Withy Plates and numerous Woodcuts, Svo. . 86 

*.* Traltwine on Curves may be had separate ..... 

■■Thepitblisl'^ ■,'"i.':l'"''-vi','r :.■',;■!■ i.^'f,'..';;. ,.,'.". | Liill'ftoiheyo 

mtitrt. by bn;,i:-:i,: cm ill.- ]i:i:-,iu cliii-m uf Mr. Sisniii.-'s l.-i-ful work,"— EngitiHring. 

AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRIGONOMETRICAL SURVEY, 

For the Formation of Geographical and Topographical Maps and Plans, Military- 
Reconnaissance. LEVELLING, Sec., with Useful Problems, Formula?, and 
Tables. By Lieut. -General Fbome. RE Fourth Edition, Revised and partly 
Re-written bv Major-G.in.iral Sir Charles Warren, G.C.M.G., R,E. With 19. 
Plates and 1 r5 Woodcuts, royal 8vo, cloth 16/- 

abwe rit. Sir Cbarlei Warm hasrevi '"■;"■■'. i .-.'■ .,.'.'.:, wer.BewM*rJ 

TABLES OF TANGENTIAL ANGLES & MULTIPLES. 

For Setting-out Curves from 5 to 200 Radius. By A. BeaZeley, M.Inst.C.E. 
Sixth Edition. Revised. With an Appendix on the use of the Tables for 
Measuring up Curves. Printed on ffl Cards, and sold in a cloth box, waistcoat- 
pocket size [Just Fiiblishtd. 3/6 

"Each table it pri: lit'.] on j -mull r ir.l. wlii.-!i. b.iinj; [»l;ii-. ,.] .1 tin' thsoilolite, leaves the hsll.' ' 
:.-. m.,ni]. . I. ,i, ■■!,.■ ,.,.rr,,,i: r,i n.. -i. ,.-.!! ;,.:■. .,..!.=;.:, :■■,.,.■ -■.■..■rk."—EHpaar. 

HANDY GENERAL EARTHWORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to 80 ieet in Depth or Height, for use with e:' ' 
66 feet Chain or 100 feet Chain. By J. H. Watson Buck, M.Inst.C.E. < 
Sheet mounted in cloth case 



T/-L 



U CROSBY LOCKWOOD &• SOJfS CATALOGUE. 

EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankme 
or Depths up to an average of So feet. By Jos 
Francis CamfIn, C.E Crown 8vo, doth 5/- 

■Iiiim mil iCilihTli nil nninwu ■«! nm Tidilihi li Inc'inlniii ■ iIIHimiii 

A MANUAL ON EARTHWORK. 

By Alex. J. Graham, C.E. With numerous Diagrams. Second Edition. tSmo. 
cloth 2 6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J, H. Watson Bock, M.Inst.C.E.. 
Kesident Engineer, L. and N. W. R. With Folding Plates, 8vo, doth . 12/- 

" Many of the methods given are of eitreme prsctic.il value 10 (he mason, and the observations on 

thr fc.ru: ...f arch ill. n.k"i !'.>r . r- J. :m,: :ti.- sr.iru;. ami ih,- construction of thi' I. ruplates, ""ill be found 



CAST & WROUGHT IRON BRIDGE CONSTRUCTION. 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts- Theoretical. Practical, and Descriptive^ By William Homber, 
A.-M.Inst C E.. and M Inst.M E. Third Edition, Revised and much improved, 
with 115 Double Plates (20 of which now first appear in this edition), and 
s to the Text. In 2 vols., imp. 4 to, half-bound in morocco. 

£6 16s. ed. 

' tture of civil engineering. In addkloB to 
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ESSAY ON OBLIQUE BRIDGES. 

(Practical and Theoretical,) With 13 large Plates. Bv the late George 
Watson Bock, M.I. C.E. Fourth Edition, revised by his' Son, J. H. Watson 
Buck. M.I.C.E. ; and with the addition of Description to'Diaerams for Facilitating 
the Construction of Oblique Bridges, by W. H. Barlow, M.I.C.E. Royal 8vo, 
cloth 12/- 

"Thr standard tcit-1'iiek fiu- all engineer* rocaoline; skew arches is Mr. Ruck's treatise, and It 
would be Impossible 10 cnnMilt .1 better."— Engineer. 



, supposed to belong 



lied the subject 



jelong to It. Asa guide 10 thee,.. 
ce.ttf.-s-, idly difficult subject, Mr. IJur.ks work is miniirpjis,.:!!."— HxUtting News. 

THE CONSTRUCTION OF OBLIQUE ARCHES. 

(A practical Treatise on). Byjorns Hart. Third Edition, with Plates. Imperial 
8/- 



loth 



GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application lo the Treatment of Stresses in K00U, Solid Girders. 
Lattice, Bowstrini;, and Suspension Bridges. Krnced Iron Arches and Piers, and 
Other Frameworks. By R. Hoi'SON Graham. C.E. Containing Diagrams and 
Plates to Scale. With numerous tramples, many taken from e^istin- Strut- Lures 
Specially arranged (or Class-work in Colleges and Universities. Second Edition, 
Revised and Enlarged. S vo, cloth 16/- 
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WEIGHTS OF WROUGHT IRON AND STEEL GIRDERS. 

A Graphic Table for Facilitating the Computation of the Weights of Wroughl 
Iron and Sleel Girders, etc., for Parliamentary and other Estimates. " 
Watson Bock, M.Inst.C.E. On a Sheet 





CIVIL ENGINEERING, SURVEYING, &c. 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. Giving Rules for the I 

and Application of various Geometrical Lines, Figures, and Curves. By E. W. 

Tarn, M. A, Architect. 8 vo, cloth 9- 

'•No book with the same otijecis In vicwhns evcrbfi n :.ii|.|i-;n'-.l in which the clearness uf the rule! 
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THE GEOMETRY OF COMPASSES. 

Or, Problems Resolved by the mere Description of Circles, and the u 
Coloured Diagrams and Symbols. By Oliver Bvrne. Coloured Plates. 
Crown Svo, cloth 

HANDY BOOK FOR THE CALCULATION OF STRAINS 

In Girders and Similar Structures and their Strength. Consisting of Formulae 

Corresponding Diagrams, with numerous details for Practical Application, 

By William Humber. A.-M.Inst.C.E., &c. Fifth Edition. " 

with nearly mo Wo oil cuts and 3 Plates, cloth. .... 

itlyeipr, -. ,i. .,;.,[ t!,- mtpmaagOfA'—AOwhtKH. 
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English 



TRUSSES OF WOOD AND IRON, 



Practical Applications of Science in I )etcrmi:iin„' [he Stresses, Breaking Weights, 
Safe Loads, Scantlings, and Details of Construction With Complete Working 
Drawings. By William Griffiths, Surveyor, Assistant Master, Tranmere 
School of Science and Art. Oblong Svo, cloth . . 4~ 



THE STRAINS ON STRUCTURES OF IRONWORK. 

1 Iron Construction. By F. W. Sheilds. M.I.C.E. 

«;- 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for application in Architecture, the Construction of Suspension 
Bridges, Railways, Ac. By PXTBI Barlow, F.R.S. A New Edition, revised by 
his Sons, P. W. Barlow, F.R.S.. and W. H. Barlow, F.R.S. ; to which are 
added. Experiments by Hodgkinson, Faihbairx. and Kirkaldy : and Formula; 
for Calculating Girders, &c. Arranged and Edited by Wm. Humber. A. -M.Inst. 
C.E. Demy Svo, 400 pp., with [9 large Plates and numerous Woodcuts, cloth. 

18/- 
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SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention : with a Descrip- 
tion of Modern Appliances and Systems. By Clement E. Stretton, C.E., 
Vice-President and Consulting Engineer. Amalgamated Society of Railway 
Servants. With Illustrations and Coloured Plates. Third Edition. Enlarged. 
Crown Svo, cloth 3/6 

1 iMiltv,'.', ii„,-„,r, i.ill liio." '■■' ' "" '■'■"■',' ;,._. ■■■■./,,,,■;-,';,,. ;,■,.,'■;„!:. 

"e conuneiir! ill,- rt" .■-■ ,.ul»..i i«i.».lui* to .11 mini m.ii JB er5, especially wbe 

,'-.,.,-;,",■ in'tv'"^-'.'. .,:,. ', .. ■", :-..i,i[ nt form, much valu 

ion on the principal q nation* -Becling 't= «** working of railways."— Railway Enginicr. 

EXPANSION OF STRUCTURES BY HEAT. 

■ John Keilv, C.E., late of the Indian Public Works Department. Crt 



ibuoks.^— iuifi™.* 









CSOSB V LOCKWOOD 

SEA TERMS, PHRASES, AND WORDS 

(Technical Dictionary of) used in the English and French Languages. (Englisl 
French. French- English.) For the Use of Seamen. Engineers, Pilots, Ship- 
builders, Shipowner?, and Ship-brokers. Compiled by W. Pirrie, late of the 
African Steamship Company. Fcap. 8vo, cloth limp .... H/- 
" This volume will he highly appreciated by seamen, engineers, pilots, shipbuilders and shlp- 

" A very useful dictionary, whicr I has long been w Allied by French and English englncci . 
officers and others.' -5 kippiag World. 

ELECTRIC SHIP LIGHTING. 

A Handbook on the Practical Fitting and Running of Ship's Electrical Plant, for 
the Use of Shipowners and Builders. Marine Electricians and Sea-going 
Engineers in Charge, By J. W. UksichahT. Author of "Electric Light," 
"Dynamo Construction." Ac. Second Edition, revised and extended. With 
numerous Illustrations. Crown Svo. cloth [Just Pitbtishid. 7/6 

MARINE ENGINEER'S POCKET-BOOK. 

Consisting oi useful Tables and Formula;. Bv Frank Proctor, A.I.N A 
Third Edition. Royal 3 1 mo, leather 






ELEMENTARY MARINE ENGINEERING. 

A Manual for Young Marine Engineers and Apprentices. In the Form 
Questions and Answers on Metals. Alloys, Strength of Materials, CottUrnctton 
and Management of Marine Engines and Boilers, Geometry. &c. With an 
Appendix of Useful Tables. By John Sherhen Brewer. Government Marine 
Surveyor, Hongkong. Fourth Edition, small crown Svo, cloth, , , 1/6 
" Contains much valuable Information for tin class for whom it is intended, especially 

MARINE ENGINES AND STEAM VESSELS. 

A Treatise on. By Robert Murray, C.E. Eighth Edition, thoroughly 
Revised, with considerable Additions by the Author and by George Carlisle.. 
C.E., Senior Surveyor to the Board of Trade at Liverpool. Crown Svo, cloth. 

PRACTICAL NAVIGATION. 

Consisting of The Sailoh's Sea-Book, by James Greenwood and W. H. 
Rosses; together with the requisite Mathematical and Nautical Tables for the 
Working of the Problems, by Henry Law, C.E., and Professor ]. K. Young 
, strongly half-bound 7/- 



I 



Illustrated. 



THE ART AND SCIENCE OF SAILMAKING. 

By Samuel B. Sadler, Practical Sailmaker. late in the employment of Messrs. 
Ratsey and Lapthorne, of Cowes and Gosport. With Plates and other Illustra- 
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CHAIN CABLES AND CHAINS. 

Comprising Si2es and Curves of Links. Studs, ftc., Iron for Cables and Chains. 
Chain Cable and Chain Making. Forming and Welding Links. Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament. Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables. &c. &c. By Thomas W. 
Traill, F.E.R.N., M.Iost.C.E., Engineer-Surveyor-in -Chief, Board of Trade. 
Inspector of Chain Cahle and Anchor Proving F.stablishinents. and General 
Superintendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations, and Lithographic Drawings, Folio, cloth, bevelled boards 

1 a vast amount of val h * 2 2 * 

complete and standard work ot reference on the subject."— .Vm.dta I Magazine. 



MINING METALLURGY. AND COLLIERY WORKIIIG 



MINING, METALLURGY, AND 
COLLIERY WORKING. 



ROSPECTING FOR GOLD. 

A Handbook of Practical Information and Hints for Prospectors based on 
Personal Experience. By Daniel I. Rankin, F.R S.G.S., MR. AS., Author of 
" The Zambesi Basin," &c. ; formerly Manager of the Central African Company, 
and Leader of African Gold Prospecting Expeditions. With Illustrations 
specially Drawn and Engraved for the Work. Fcap. Svo, leather. 

[Just Published. Net 7/6 

THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgies! Troniiitriii of Gold-bearing Ores. 
Including the Assaying, Melting, and Refining of Gold. By M. Eisslek, 
Mining Engineer, A. I. ME.. Member of the Institute of Mining and Metallurgy. 
Fifth Edition. Enlarged and Re-arran^ed. With over 300 Illustrations and 

s Folding inkles. Medium Svo cloth. [Jus! Published. Nit 21/- 

tliurtmjslilv nWrves lis lirlr- o! a ' Practical Treatise.' Tlu> whole process of ea]A 

I breaking Of rh. .,..,-,,- .:.-,;,■■ I til- I I, 
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THE CYANIDE PROCESS OF GOLD EXTRACTION. 

Including its Practical Application on the Witvvatersrand Gold Fields in South 
Africa, By M, Eissler, M.E., Author of "The Metallurgy of Gold," &c. 
With Diagrams and Working Drawings. Second Edition, Revised and Enlarged. 
Svo, cloth 7/0 

"This book Is just whin ivas n.-ede.l m acpia.::! mini [14 me:-, [villi [he actual ivorkinj; of a process 
which, i, i,..[ . 11 1 ill-.- 11 si p-.ionl.ir. bill 1.. .;-.. ,1 o n-.val rule, ill' 1110,1 jiiooi s-.Mil I' ir lie- . \'.racuo;! . I 
-j.j item tail InKsV'-Mi'^Hg Journal. 

■' The work will prove invaluable to all interested in gold mining. "-Chem icat News. 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modern Diamond Core-Drills in Prospect- 
ing and Exploiting Mintr.i I -hearing Properties, intlutliiig Particulars of the Cost 
of Apparatus and Working. By G. A. Denny. M.N.E.Inst M.E.. M.I.M. & M., 
Author of "The Klerksdorp Goldfields." Medium Svo, 168 pp., with Illustrative 
Diagrams. fjusi Published. 12/6 

"There is certain!' ■'.■■, 1: ..:.-:,! 

JumutiiTI I'm-' -M|:|..viM^ .. .i.Cl.i'.l lV.,l|t Wr SlLV.II.iK IVC-Mll Nl- [111 ,1',J. ! I uf ,1 i [ CCiL-l"-.; V. 

rofully peruse [lie panes treating of [he applicability uf tliaui-,-'-l .i: cm auriferous deposits and, 

rface and underground. The author has given us a valuable volume of eminently' Dractical data 
it suutil.l be in the, posse 









j-Ssion ..I' ill..-,- i.-!.-,l III [lliriillji." — Miilln/rjouilidl. 

..ek is the- first English work to give a .leiail,,.| account ,,l 
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FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners By W. H, Merritt. 
M.N E.Inst.M.E.. A.R.S.M., &c With Photographic Plates and other Illustra- 
tions. Fcap. Svo, leather. [Just Published. Net 5/- 

jrmation likely to he most i.,lr : ■ ',- l-i TV..- .:■ -in- ■'":-. .;,.-,-, r .ili i'li' '.'/. mils .','■' 

ii|jli[ii! and resiinn gold mul silver ores. A useful addition 1-i.l |-i ■■-!■■' !■ r's kir."— Miuinv Jm-,^1 
" It si vis ike r:si of I lie author's exii.Tiei.ee .,:-. a loacher o! prospectors, and Is a book whirl 
.;-., eel- c-inl-1 ii--i li.il.ii.i.il'.v ■■.-.iiliM-,.1 tin, linn it |un out well."— Scotsman. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in Search of Metal-Bearing or other 
Valuable Minerals. By J. W. Anderson, M.A. (Camb.). F.R.G.S. Eighth 
Edition, thoroughly Revised and much Enlarged Small crown Svo. 3/6 cloth ; 
or, leather, uockel-lxjok form, with tuck. [Just Published. 4/6 

"Will supply a much fell w„m . -| ■-■■::, -."-.■ :i lie Colonists, in win ..-.,-■ iv.ii .iii- ■-., -,|[ei. thrown uu'in 

■ , : |. .:■ : : | . ■ ns ili.- t.ilii- of whkbllft dttfctdl tori :■ i ;..... .' -Engiuur. 

■■'-'■ and how to I-I-— -ilv tie u-.wli, ml., -. ..,-,- I- -ninl, are Iho leading 
■ .' ; - ■: .. . ■ . ■ ..■■:.■■: 
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THE METALLURGY OF SILVER. 

A Practical Treatise on the Amalgamation, Roasting, and L.i vitiation of Silver 
Ores, Including the Assaying. Melting, and Refining uf Silver Bullion. By 
M. EtssLER, Author of " The Metallurgy of Gold." 4c, Third Edition. Crown 
8vo, cloth 10 6 

atnonesl practical men. and it (he same time he of value to students -— ' - 
wllb the Industries."— Mining Journal. 

"From first to last the book Is thoroughly sound and toUrine."— Colliery Guardian. 

■ I- i ■ :■:■:■. I. , il [jiim-rs. jsi,Lvi.Ti, iindiiivostijva iilikf, WL-.iu i!ul knuwuf anj wc 

subject so band) and vet so comprehensive."— Glasgow Herald, 

THE HYDRO-METALLURGY OF COPPER ORES. 

By M. Eisslkh, Author of ■' The Metallurgy of Gold," &c. Medium 8' . 
Folding Plates. [In the Press. 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion, lnclmlin^ Reports on various Smelling Establishments and 
Descriptions til Modern Smelling [■uniar.es ami I'lants in Ktiropc and America. 
By M. Eissi.er. M.E., Author of " The Metallurgy of Gold," &c. Crown 8vo, 
400 pp., with 183 Illustrations, cloth 12/6 

" The numerous motallurnltal processes, which MM fully and filtnslvtlv treated of, embrace all the 

stages esperluno.al in tin p,i ■*■;■,&■ ,.( the lead from the various natural ! ■ ■ 
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METALLIFEROUS MINERALS AND MINING. 

ByD.C. Davies, F.G.S. Sixth Edition, thoroughly Revised and much Enlarged 
by his Son, E. Henrv Davies, M.E., F.G.S. 600 pages, with 173 Illustrations 
Large crown Svo, cloth. [Just Published. Net 12/6 

" Neither lln- [,r.,nical :n i 1 1.-1 nor ill:- £,-]ifral r,vt,1,-i , interested In mines, can have a better booh 
for his, companion and hi- iniaio."- -Mining Journal. 

As ;i history id I lie |'.i-«::it - -I" [iiiuij.j; i In ,.u f :li i!l.. wurld lids book has a real value, 









MACHINERY FOR METALLIFEROUS MINES. 

A Practical Treatise for Mining ICn;;ineors. Metallurgists and Managers of 
Mines. By E. Henrv Davies. M.E., F.G.S. Crown Svo, 5S0 pp.. with 
upwards of joo Illustrations, cloth 12/6 

" Mr. Davies, In [bis handsom,. vol' I in,-, has dono ihf- advanced student 
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mended. By lis publication the II 
reputation of Its author enhanced."- 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davjss, F.G.S., Author of "Metalliferous Minerals," &c. Third 
Edition, Reviled and Enlarged, by his Son, E. Henrv Davies, ME., F.G.S. 

With about 100 Illustrations. Crown Svo, cloth. 12/6 

"We do not remember .0 have .not iviih any llnylish work on mining mailers that contains the 
i be Inclined to rank it as anion; th- v.-ry best of the handy 
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BRITISH MINING. 



A Treatise on the History. Discovery, Practical Development, and Future 
Prospects of Metalliferous Mines in the United Kingdom. By Robert Hont, 
F.R.S.. late Keener of Mining Records. Upwards of 950 pp., with 2,30 Illustra- 
tions. Second Edition, Revised Super-royal 8vo, cloth . £2 2s. 



MINING, METALLURGY. AND COLLIERY WORKING. 



POCKET-BOOK FOR MINERS & METALLURGISTS. 

Comprising Rules, Formula;, Tables, and Notes, for Use in Field and Office 
Work. By F, Danvers Power, F.G.S., M.E. Second Edition, Corrected. 
Fcap, 8vo, leather. [Just Published. 9/- 

" This excellent book is an admirable eiample of Us kind, and cugbl lonnd a large sale amongst 
English- - rolling prcsoeoLors and mining engineers."— Engineariag, 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Miners] Deposits, Mining 
Operations, Ore Dressing, &c. For the Use of Students and others interested in 
Mining matters. Compiled by John Milse. IKS . I 'rofessor of Mining ir 
Imperial University of Japan. Revised Edition. Fcap. Svo, leather . 7/8 
"Professor Miln..'; li.dn>] Li. ■ .ti is sure In be. r.-r. ivi.-.l will) favour by ,il] ci.nii.-ci.-.t Willi mining. 

IRON ORES OF GREAT BRITAIN AND IRELAND: 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working them. With a Notice of some of the Iron Ores of Spain. By 
J. D, Kendall, F.G.S., Mining Engineer. Crown Svo, cloth . 



MINE DRAINAGE. 

A Complete Practical Treatise on Direct-acting Underground Steam Pumping 
Machinery. By Stephen MichelL. Second Edition. Re-written and Enlarged, 
39° PP' With about 250 Illustrations. Royai Svo. cloth. 

[Just Published Net 25'- 
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:. :■■!". ;u sliuui any o( llie pumps that com 

it."— T ki Engineer, November 3rd, 1699. 

THE COLLIERY MANAGER'S HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collit..iw, 
Designed as a Book of Reference for Colliery Managers, and for the Use of 
Coal-Mining Students preparing tur first -Hans 1 : truncates. By Caleb Pamely, 
Mining Engineer and Surveyor , Member of the North of England Institute of 
Mining and Mechanical Engineers; and Member of the South Wales Institute 
of Mining Engineers, With 700 Plans, Diagrams, and other Illi 



r. The book 
smiich as the 

BfiwiBttutag 

bin the scope 

Collieries, 
he Use of 
b Pamely, 
Institute of 



to ibi^ ri'inilrMiie: 
"This is the 



.RT OF H.M. COMMISSIONED 

. ivork ir- (inim-mly -11i1.il 1' 

ill^ rllfill-lT -■■■'..: 



■mining f.ul.lish,-,! III 
,"— CoUiery Engiiun 




DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambers, F.R.S. With Portrait, Illi 




y Josefh Gwilt, F.S.A. 
d Edited by W. H. Leeds. 66 Plates, 410, cloth . 

THE MECHANICS OF ARCHITECTURE. 

A Treatise on Applied Mechanics. L'speciiUk' Adapted to the Use of Architects. 
By E. W. Tahm. M.A., Author of "The Science of Building," &c. Second 
Edition, Enlarged. Illustrated with 125 Diagrams. Crown 8vo, cloth . 
"The book Is 11 very useful and helpful manual of architectural mechanics."— flu ildir. 

A HANDY BOOK OF VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residences in various Styles, With Outline 
Specifications and Estimates. By C Wickes, Architect, Author of " The Spires 
and Towersof England, "Ac, 61 Plates, 4(0. half-morocco, gilt edges £1 11*. 6d. 
"The whole of ihe designs bear evidence of their being the work of an artistic architect, and ihej 
I prove very valuable and suggestive."— Building Nr — 

THE ARCHITECT'S GUIDE. 

Being a Test-book of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c. &C. By F. Rogers. Crown 8 vo, cloth 3,6 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 
House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 
Ferguson. Second Edition, Enlarged, Svo. boards 
"It is ihe iikv.i initiilLgLU.- ,.f the treatises op this ill-treated su 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young 5tudent in Architecture. By George 
Pvne. 14 Plates, 410, boards 7/6 

MEASURING AND VALUING ARTIFICERS' WORK 

(The Student's Guide to ihe Practice of). Containing Directions for taking 
Dimensions, Abstracting the same, and briimini; the (Jiinntities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Oripjiiinilv edited by E. Dobson, Architect With Additions by 
E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 63 Woodcuts. 
Crown 8vo, cloth. [Just Published. 7/f 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, and 

I ':.v.:l-. :i.:.l .:■■ M- :: ': -I ■ 

By A. C. Beaton. Ninth Edition. WoSBtcoal pocket sfee, gilt edges . 1/6 

SPECIFICATIONS 

FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer. Surveyor, and Builder. With an Essay 
the Structure and Science of Modern Buildings. Upon the Basis of the Work 
by Alfred Bartholomew, thoroughly Revised. Corrected, and greatly added 
to by Frederick Rogers, Architect. Third Edition, Revised. 8vo, cloth IT' 
"Theworklstoowe]lkn f HMitDric L d,iriyr..c.,r],],ie[idatlonfroinus. It is one of the books i 

THE HOUSE-OWNER'S ESTIMATOR, 

Or, What will it Cost to Build, Alter, or Repair ? A Price Book for Unpro- 
fessional People, as well as the Architectural Surveyor and Builder, By J. D. 
Simon. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition, carefully 



Revised. Crown Svo, cloth. [Just Published. Net 3/1 

" In two years It will repay Us cost a hundred times over/'-FidJ. 
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SANITATION AND WATER SUPPLY. 

SANITATION AND WATER SUPPLY. 

THE BACTERIAL PURIFICATION OF SEWAGE: 

Being a Practical Account of the Various Modern Biologic*] Methods of 
Purifying Sewage- By Sidney Barwise, M.D. (Land.). D.P.H. (Carab.), r" 
With 10 Page Plates and 2 Folding Diagrams. Royal Svo. cloth. 

[Just Published. Net 6/0 

THE PURIFICATION OF SEWAGE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical AppJicMion, By Sidney Barwise, M.D. (Lond.), M.R.C.S., 
D.P.H, (Carab. j, Fellow of the Sanitary Institute, Medical Officer of Health to 
the Derbyshire County Council. Crown Svo, cloth. [Just Published. 5/- 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities. Sanitary Officers, and others 
interested in \\V,'- i .I'-' ,1 i'.\ ••■•■■■:! :i:i i-:i. 

Revised, with Additions, including numerous Illustrations and Tables. Large 
crown 8vo, cloth. [Just Published Ntt 9/- 

RURAL WATER SUPPLY. 

A Practiiv.il Hamllioofc en the Supply of Water and CuiLsmiclion of Waterworks 
for Small Country Districts By Allan Greenwell, A.M.I.C.E., and W. T. 
Curry, A.M.I.C E. Revised Edition. Crown 8vo, cloth . . . 5/- 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humber, A.M.Inst.CE., and M.Inst. M.E. Imp. 4 to. half-bound 
morocco. (See page n) . . \N,t £6 6s. 

THE WATER SUPPLY OF TOWNS 

AND THE CONSTRUCTION OF WATER-WORKS. 
By Professor W. K. Burton, A.M.Inst.CE. Second Edition, Revised and 
Extended. Royal Svo, cloth. (See page 10} ... £1 5». 

WATER ENGINEERING. 

A Practical Treatise on the Measurement, Storage. Conveyance, and Utilisa-.iuii 
of Water for the Supply of Towns. By C. Slagg, A.M.Inst.CE. . 7/8 

SANITARY WORK in SMALL TOWNS AND VILLAGES. 

By Charles Slaog. A.M.Inst.CE. Crown Svo, cloth .... 3/- 

SANITARY ARRANGEMENT OF DWELLING HOUSES. 

By A. J. Wallis-Tayler, A.M.Inst.CE, Crown Svo, cloth . 2/6 

MODERN PLUMBING, HOT WATER HEATING, &c. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J, j. Lawler. Author of " American Sanitary Plumbing," 
&C With 284 Illustrations and Folding Plates 4to, cloth. 

.:■ i. :::■: 21 - 
PLUMBING. 

A Text-Book to the Practice of the Art or Craft of the Plumber. By W. P. 
Bcchan. Eighth Edition, Enlarged, with 500 Illustrations. Crown 8vo 3/6 

VENTILATION. 

A Text-Book to the Practice of the Art of Ventilating Buildings, By W. P. 
Bl'Chan, R.P. Crown Svo, cloth 3/6 

THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, Ac. By Edward F. 
Willooghby, M.D. (Lond.), &c. Entirely New Edition. Re-written and greatly 
Enlarged. Fcap. Svo, cloth. [Just Published. Nit 10,6 






CROSBY LOCKWOOD & SON'S CATALOGUE. 



CARPENTRY, TIMBER, ETC. 






THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on [he pressure and Equilibrium of Timber Framing, the Hesistai 
of Timber, and the Construction of Floors. Arches. Bridges, Roofs, Uniting Iron 
and Stone with Timber. &c. To which is added an Essay on the Nature and 
Properties of Timber. &c, with Descriptions of the kinds of Wood used in 
Building; also numerous Tables of the Scantlings of Timber for different 
purposes. Ihe Specific Gravities of Materials, &c. By Thomas Tredgolo, C.E. 
With an Appendix of Specimens of Various Roofs of Iron and Stone, Illustrated. 
Seventh Edition, thorough Iv Revised and considerably Enlarged by E.Wvndham 
Tahn. M.A.. Author of "The Science of Building," &a. With 61 Plat 
Portrait of the Author, and several Woodculs. In One large Vol., 410, cloth. 

£1 5i 
Ought to be In every architect's and every builder's library."— Bui Idc r. 



than imjujrcd by unit. Tht additional p 

WOODWORKING MACHINERY. 

Its Rise. Progress, and Construction. With Mints on the Management of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples of 
Recent Designs by leading English. French, and American Engineers. By M. 
Powts Bali!, AM Inst. C.E. , M.I.M.E. Second Edition. Revised, with large 

Additions, large crown Uvo, 440 pp., cloth •/- 

'■ Mr. Bale Is evidently an expert on the subject, mid he has collected so much Information that his 
bock i-;.dl-.i.iii. lent mini ...■.■ -I In to. aoanatiu at timber."— ArekHtei. 

■■Tbu rn..i ,-.,ni|>n Iirii-iv.i i-..,,n[-,-i„liini, 1. 1 w,....id-ivurkiiii; machinery wo have seen. The author is 
a thoroutjh muster uf hi* subject."- Building A'ru'i. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of Timber. 
(A Companion Volume to " Woodworking Machinery.") By M, Powts BALE, 
A.M. Inst, C.E. Second l.Jiiiuii. Revised. Crown Svo, cloth 

[Just Published. 10/8 
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THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Peter 
Nicholson's standard work. A New Edition, Revised bv Arthur Ashi'itel, 
F.S.A. Together with Practical Rules on Drawing, by George Pvne. "With 
74 Plates, 4to, cloth £1 1». 

A PRACTICAL TREATISE ON HANDRAILING. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Itevetlinc. [ointing-up, and Squaring the Wreath. By GEORGE 
Colungs. Second Edition. Revised and Enlarged, to which is added A 
Treatise on STAin-BuiLntso. With Plates and Diagrams, izmo, cloth 2/6 

"Will be found of practical utiliiv in tin (.itculiuTi td this dilhciils branch uf joiuf-ry."— Buildir. 
"Almosleviii -; ..1 |.;.. di --...Li.-r. L, , -lucid..!, il liv ill,- ai 

of plates ami i/sisl.m.nory Ln.-q.iv«.'Wn milure Cmellt. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings. With Diagrams. Third Edition, izmo. cloth , 2/6 

"An excellent examiiiu id what a book ,1" ihis kind should be. Cheap in price, clear in definition, 

THE CABINET-MAKER'S GUIDE 

TO THE ENTIRE CONSTRUCTION OF CABINET WORK. 

Including Veneering, Marquetrie, Buhl work, Mosaic, Inlaying, &c. By Richard 
"' ' with Plans, Sections, and Working Drawings. Crown 8vo, 
(Just Published. ~" 




CARPENTRY, TIMBER. &v 




HANDRAILING COMPLETE IN EIGHT LESSONS. 

On the Square-Cut System. By I. S, GoLdTHokp, Teacher of Geometry and 
Building Construction at the Halifax Mechanics' Institute. With Eight Plates 

and over 150 Practical Exercises. 4 to. cloth 3/6 

1 be of considerable oh;./ Iu joiners anil ntiiers who take a pride in good work. The 
aneement of the book Is cicellent. We heartily commend 11 In ii.nhi.i-. ami slmlenta,"— Timbtr 

TIMBER MERCHANT'S & BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measurement 
of Deals and Battens, of all sizes, and other useful Tables for the use of 
Timber Merchants and Builders. By William Dowsing. Fourth Edition, 
Revised and Corrected. Crown 8vo, cloth 3/- 

of arrangement tea'™ notblngto be iuattoW-Timbtr TtaiUt Journal. = 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the use of Building Contractors, Surveyors, Builders, &c, 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timhcr, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap 8vo, cloth . 3,'F 

■'This handy manual contains much valuable Information fur ill,- us,: nf linilvr merchants, builder! 

PACKING-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing -Cases, from sis 
inches square and upwards. By W, Richardson, Timber Broker. Third 
Edition, Oblong 4(0, cloth ~ 

" Invaluable l.]h,-,ur-saviu,_- iabl. -.." — Ironmonger. 
" Will save much labour find calculation."— Grocer. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from 1 to 200 inches in length, by 1 to 10K inches in breadth. 
For the use of Architects, Surveyors. Engineers. Timber Mcrcharns, Builders, 
&c. By James Hawkinos, Fourth Edition. Fcap., cloth . . 3/6 

" These tables will be Found of great assistance 10 all who reuulre 10 make calculations In superficial 
.,i<;asan ! m™i."-H«filij*Af«hw&. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charles E. Cnans. 
F.S, I., Professor of Forestry, Field Knsinecriiiy, and General instate Manage- 
ment, at the College oi Agriculture, Dowutou. Second Edition, Revised. 
Crown 8vo, cloth [Just Published. ~" 






"Mr. Curds has In 111..- coin -e ..i a seri. , !. :.'. I ■ .,,,:„ Information of a 

useful .ir, 1 l,i|.,iclicalc!,„r.,c.,-r.:n ;!,- |.l. ^,u.1 ..,;.:, -,-. i uenur 1 --mru<-m c.f mes.'' .Jliusli-altotCarpinttr 

aid Buildir. 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo. cloth . . . 10/- 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD GUIDE. 
By Richard E. Gkandv. Comprising: — An Analyeii of Deal Standards, Home 
and Foreign, with Comparative Values and Tabular Arrangements for fixing Net 
Landed Cost on Baltic and North American Deals, including all intermediate 
Expenses. Freight. Insurance. &c. &c j together with copious Information for 
the Retailer and Builder. Third Edition, Revised. i2mo, cloth . . 9/. 
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SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES. 
As Taught and Practised by A. R. Van der Bcrg and P. Van der Bcrg. 
Directors of the Rotterdam Painting Institution RoyaJ folio, 18J by uj ia.. 
Illustrated with 24 fall-size Coloured Plates: also i! plain Plates, comprising 
154 Figures. Third Edition, cloth. [/Hit PiUiiish/d. £1 lis. 6d 

List of Plates. 

1. Various Toole Kiquiiis for Wood Puhim.- 1. j. Walnut ; Preliminary Stages or 

Gunmi, a. , Tools ■■-->-'■ rem M»mle Paistiso and Method of 

■■:..; hi.™.-}, 6. St. Remi Marsle: Earlier Operations aud Finh-hlo SptcrnEs.— 
7. M. nitj[,s ■> Sim bug DirriHMT Grains. Ki-ots. 4c— 6, 9. Ash : PiELi«is»!r Stages axd 
Finished Svt.cinF.:.. -in. Ufrm.iis 01 Smtrmne M.sble Gbaiss.— ti, u. Breche Marble; 
PilLnn.iv Sugis of IVoivhs i v .' Maple ; Methods or PuouieiNi; 

■ ■-■:■■ ■ '■■ ■ ;■ . " ■ ■■ ■ 

i'Vi!*rss ami Methods or Misin-UTim.-M. -.1. Mihogim : Eau.if.p 
Stages asd FiaiiKfLi SrEciHEs.—-;.. 

■ • [i UD Finished Specimens.— 11, 37. 31. Oar 1 

■■■.■■ ■ ■ : . " ■ .. '■ 

Finished* Specimens""* -14 ' 3S ' * ut » D " t *■«■«■ *™tto* or rai*. npibished aud 

"Those who dssire 10 attain skill in the an of paimine woods and marbles will find advantage tn 

consultine this Look.. . . . Some of the Working Men's Clubs should give their young men the 

'.■]■(. ■jri'i.'.sry to study iL" — Builder, 

■ ■ 
-Building ,V»|. 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTIC 



HOUSE-PAINTING, GRAINING, MARBLING, 
AND SIGN WRITING, 
A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 
Coloured Plates and Wood Engravings. Crown 8 vo, cloth . . . 6- 

•■Aniassonnfornialion.ofuselolhoamatcursndofvaluelothepraclicalman."— English Mlcbaiic, 

THE DECORATOR'S ASSISTANT. 

A Modern Guide for Decorative Artists and Amateurs, Painters, Writers, Gilders, 
&C. Containing upwards ul l-.on Ki-cdpis, Rules and Instructions : wiih a variety 
of Information fur General Work connected with every Class of Interior and 
Exterior Decorations, &c. Seventh Edition. 152 pp., crown 8vo, in wrapper. 

1/- 
"Full of receipts (A viilui/ in .l,c:,r:iii.T-. [1.111K. rs, tikki.i, ..-c. The book contains the cist of tar*..- r 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students, By George H. Blag rove, Author of " Shoring and its Application." 

&c. With 28 Illustrations. Crown Svo, cloth 3/6 

"This most useful and much wanted handbook should be in the hands of every architect ai 

L.i!i.!„r," — Building II'i'pVii. 

carefully and usefully written treatise; the work U essentially practical."— Scot una 11. 



DECORATIVE ARTS, &•<■. 



DELAMOTTE'S WORKS ON ILLUMINATION 
AND ALPHABETS. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDIAEVAL. 

From the Eighth Century, with Numerals; including Gothic, Church-Text, large 
and small, German, Italian, Arabesque, Initials for Illumination. Monograms, 
Crosses, &c. Ac, for the use of Architectural and Engineering Draughtsmen, 
Missal Painter*. Masons, lucrative Painters, Lithographers, Engravers, Carvers, 
&c. &c. Collected and Engraved by F. Delamotte, and Printed in Colours 
New and Cheaper Edition. Royal Svo, oblong, ornamental boards . 2/6 

._ ip-doort. who letter church waifs with pithy sentences from thf I >,:cal 'i;u-.-, tfji:; hook ■.-. 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic. Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque; with 
several Original Designs, and an analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the, use of Draughtsmen, Sur- 
veyors, Masons, Ijt-coraiive i'ainlers, Lithographers, Engravers. Carvers, tSc. 
Collected and Engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal Svo, oblong, ornamental boards 2/6 
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MEDIAEVAL ALPHABETS AND INITIALS. 

By F. G. Delamotte. Containing 21 Plates and Illuminated Title, printed in 
Gold and Colours. With an Introduction by J. Willjs Brooks. Fourth and 
Cheaper Edition. Small 4to, ornamental boards 4/- 

rs of the alphabet come forth glorified in gliding and all the colours of 
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A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., printed 
in Gold and Colours, By F, Delamotte. New and Cheaper Edition. Small 

4t0, ornamental boards , 6- 

"The ci; ■■:■ .1 .mc\:T.'. 1ISS. .«:,-,] mm- n del in rh-- iLiidrint. which, with much Rood sense, the 

THE EMBROIDERER'S BOOK OF DESIGN. 

Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders, 
Ecclesiastic;:! Devices, .Mc:iin\ al and Mi-lcrr. A lph;tl x-is, and National Emblems. 
Collected by F. Delamotte, and printod in Colours. Oblong royal Svo, 
ornamental wrapper 1/8 

■■!' 1 !>in;: :':■■■■ n- ■ dli 11, this 1 oni.iii.iiii.ii ud 1 ■• hi pTOHJ aW—Boit A "gliaii Times. 

WOOD-CARVING FOR AMATEURS. 

With Hints on Design. By A Ladv. With Ten Plates. New and Cheaper 
Crown Svo. in emblematic wrapper .... 
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Lady*. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including Fresco. 
Oil, Mosaic, Water Colour, Water-G lass. Tempera, Encaustic, Miniature. I'aintin .. 
on Ivory, Vellum, Pottery, Enamel, Glass. &c. Fifth Edition. Crown Svo, cloth 5/- 
*.* Adopted lis .1 Pii.-.{ hunk lit South Kensington. 

•-- '- ivthey do not require to be taught, from the careful 







CROSBY LOCKWOQD k° SON'S CATALOGUE. 



NATURAL SCIENCE, ETC. 



VISIBLE UNIVERSE. 

Chapters on the Origin and Construction of the Heavens. By ]. E, Gori 

~ " S.,Anthorof "Star Groups," &C. Illustrated by 6 Stellar Photographs ; 

Demy Svo, cloth 

-tirs of cellar photographs and 

me a clear and conci-..- aecoum til" the pr.--.-i.: -Ian- . ■[" .mr knowledge, Mr. Gore hi 

Bddlll ID tO lllr Ill.T . L I .r. oi ill- ...ihl.-.n."— V.j/.-irt. 

'Visible Universe' is one of the finest works on astronomical science dial has recently 

n iiicrii.nl it Is scientific from cover to cover, but the style Ls 
scientific 
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STAR GROUPS. 

A Student's Guide to the Constellations. By J. Ellahd Gore, F.R.A.S.. 
M.R.I. A., &c, Author of "The Visible Universe," "The Scenery of the Heavens," 

&c. With jo Maps. Small Jto. cloth 5' 

"The volume contains thirty man ■faowbig Km of the slith magnitude— the usual naked-e 
limit — and each is accompanied by a lirkl ':..iiiini-ruarv. adapted [■■ facllllai'- r.-r.-^Tiirion and bring „ 
ii'ulre ..In.-ci- ..i -pecial ihm-l--:- -r. I ? ,.r ill-.- |.m;...-i- ..I" ,l ;■:■■ lliuiri.Lrv snr^.-i .-!' ih.- ' rrilduieju pomp ' of 

I In- better than a set of delineations aver.ifiiiifi scare. ' 
in area, and inclinlm* nothing that cannot at one, be idfinifi.-d. ,, -Suij.rdflV ft'. 

AN ASTRONOMICAL GLOSSARY. 

Or, Dicti. inarv of Terms used in Astronomv. With Tables of Data ami Lists; of 
Remarkable and Interesting Celestial Objects. By J. Ellahd Gore, F.R.A.S. 
Author of " The Visible Universe," &c Small crown 8vo, cloth . 2/6 

"A very useful little work fur beginners !:s .L-n.i v, and not to be despised by 



THE MICROSCOPE. 



e utility of which Is 



d by it 



ta and Lists of 
jre, F.R.A.S., 
. . 2/6 
jy more advanced 
valuable tables of 

i- m r rrrtpra nh u- 



Its Construction and Management. Including Technique, Photo- micrography, 
and the Past and Future of the Microscope. By Dr. HENRI Van Heurck. 
Re-edited and Augmented from the Fourth Trench. Edition, and Translated by 
Wynne E. Baxter, F.G.S. 400 pages, with upwards of 250 Woodcuts, imp. Svo, 
cloth 18/- 



■■TI„-[ 



usiati.mc.fa 



l-iiem,,,:. 



ASTRONOMY. 

By the late Rev. Robert Main, M.A., F.R.S. Third Edition, Revised by 
William Thynne Lynn, B.A., F.R.A.S., formerly of the Royal Observatory 
Greenwich, iamo, cloth 2/' 

"A sound and simple treatise, ivry carefully edited, and a capital book for beginners."— KmKlcdgt. 

"Accurately brought down to the requirements of the present time by Mr. Lynn."— e duc ational 

A MANUAL OF THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S. 
With an Appendix on Recent and Fossil Conchological Discoveries, by 
Ralph Tate, A.L.S., F.G.S. With 23 Flutes and upwards of 300 Woodcuts. 



kciniui of Fourth Kdiiifin (1S80). Crown Svo, cloth 
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THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord, By 



G. W. V. LE VaOX. 
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XATCKAL SCIENCE, &-c. 



HANDBOOK OF MECHANICS. 

By Dr. Lardner. Enlarged and re-writt 
37S Illustrations, Post 8vo, (.loth 

"The perspicuity of the original h;i= h™ti rMjtliuut. an 
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throughout a 
branches of [ 



HANDBOOK OF HYDROSTATICS & PNEUMATICS. 

By Dr, Lardner. New F.diiion, Revised and Enlarged by Benjamin Loew 
F.R.A.S. With 236 Illustrations Post 8vo, cloth 5 



HANDBOOK OF HEAT. 

Bv Dr. Lardner. Edited and re-\ 

117 Illustrations. Post Svo, cloth 



1 by Benjamin Lqewy, F.R.A.S.. Ac. 



ijJt liONil 



jehind."— Ej^-iim 



HANDBOOK OF OPTICS. 

By Dr. Lardner. New Edition. Edited by T. Olver Harding, B.A.Lond, 
With 29S Illustrations. Small Svo, 448 pages, cloth . 

■'Written by one of the ablest English scisiiriiio ivritr-rs, beautifully an.l eSjIioralr-lr ilhisli 
MickanitS Magatiiu. 

ELECTRICITY, MAGNETISM AND ACOUSTICS. 

By Dr. Lardner. Edited by Geo. Carey Foster, B.A., F.C.S. With 40c 

Illustrations. Small Svo, cloih Bl- 

"The book could not have been erm ,:.l ( <1 it, any.m.: b,-t[.:t ci.lculaL.tl 10 preserve the terse and 
scientific kniwI^Ui.-."— Popular Siitnct Review. 

handbook of astronomy. 

I :■. 1 I i ■ ; ■ 1 1" li- 1 1 1 : ■ . 1 . I-.' ■ ■ .!■!■' '■■".:■ : I ■■■ l.i ■.:: I 'l 

F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of iqo 
Woodcuts 8vo. cloth 9 6 
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MUSEUM OF SCIENCE AND ART. 

Edited by Dr. Lardner. With upwards of 1,200 Engravings on Wood. In Six 
Double Volumes, 1/1/- in a new and elegant cloth binding: or handsomely 
bound in half-morocco JS1 11*. 6d. 

■■■"■■',". '.■ ':i ■■:' i.l!. .-.,'. ":'.■'■.,'... rideJbl ' lu'luctlW'powBrs, and "popular ay/rc,* 

treatment."— Sptclator. 

Conimon Things Explained. 5!. I Steam and its Uses. z-S- cloth.. 

The Microscope. 2s. cloth, Popular Astronomy. 4J b,L cloth. 

Popular Geology. ?* Of. cloth. The Bee and White Ants. zi. cloth. 

Popular Physics, is- 61. cloth. | The Electric Telegraph, is. 5J. 

NATURAL PHILOSOPHY FOR SCHOOLS. 

By Dr. Lardner. Fcap. 8vo 3/fl 

•■ A very convenient class-book for junior students in private schools ."-Brit is I. Qnarltrly Xcvitw. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. 

By Dr. Lardner. Fcap. Svo 3/6 

THE ELECTRIC TELEGRAPH. 

By Dr. Lardner. Revised by E. B. Bright, F.R.A.S. Fcap. Svo, cloth. 
One of the most readable books eitant on the Electric Telegraph."— English Mechanic 



CROSBY LOCKWOOD &> SOXS CATALOGUE. 



CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



THE GAS ENGINEER'S POCKET BOOK. 

Comprising Tables. Notes and Memoranda relating to the Manufacture 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'Connor, A. M.Inst. C.E. Second Edition. Revised. 470 pa^es. cruwi " 
fully Illustrated, leather. [Just PMiihtd. 

"The book contains a vast amount of minima Hon. Tin author £,«-. r-,.ii., <;i>tlv,ly Ihron 
enjlneerint; .i.i.iil. .in.] yr.,r lie. I n,.ih.-ds Involved In each of the differr-nl processes or par 
gas-works. He has certainly succeed..*! 1 I.ur: ;. L -..ni-ii n ,.1' h n.l u.ts uf fact abs 

L-u«T..-,t,n^l,. ri -,i-1.- Cm ll'ot/.f. 

"A USeflll "iiil: .if rif.il III:. t..|- till- z.f 1 neill.iT ami ..II int. vi-.l, .1 -Iltlriu 1,1 h, ■alius 

manor in nn\ v..,i ,- .,-,. ,\ .vLili ill.' tii.it ;mr,- ;..„[ « tif £as Li ih-..lt will.. III.' hnok his 

i.-vldently betn carefully compiled, and certainly constitutes a useful addition to gas literature."— 

" The volume contains a great quantity of specialised Information, compiled, we bellev. 

.rusurorihi ...,,,.■,- ■.. I,;. h . k..- it uf con skit- r, .hie value in ih.se for whom " ' 

produced . " — Engineer. 

LIGHTING BY ACETYLENE 

Generators, Burners and Electric Furnaces. By William E. 

With Sixty-six Illustrations. Crown Svo, cloth. [Jus! rubliskid. 7f« 

ENGINEERING CHEMISTRY. 

A Practical Treatise for the Use of Analytical Cherotstt, Engineers, Iron 

Masters, Iron Founders, Stiidmits aivl 01 hers (.'omprisiiiL! Mfihc Is of Analysis, 
and Valuation of the Principal Materials used in Engineering Work. ■ 
numerous Analyses, Examples and Suggestions. By H. Joshua Phillips, 
F.I.C., F.C.S. Second Edition, Revised and Enlarged. Crown 8vo. 400 pages, 

with Illustrations, cloth 

"Inthiswoikih,-a,iih„, h.iirnn.len.i 11.) small "irvie-e to :, iiu1in.Tf>iis body of pra 

' "TKUmk i', -.ill Jf ,] ,'.'.' I -Muni. , .\'-.","li. , ,'i,.lb,..,k of technical analysis.lt Is very welc 
Bvttdir. 

results in .■s'-Vri^-NrrTUndt 8 .™. "There Is much^.eenen^descriptive 'man! V '■■'" '■■■■"'X, "■ '■' 

chapter on 'Oils and Lubrication ■ h-Ln K sp.T.iall) n.aic.-..h!.- in this r.iipect."— tfHfiinur, 

NITRO-EXPLOSIVES. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 
Nitrated Suhstain-i;s, iiirliiding il'.e Fulminates. Smokd.":ss Powders and Cellu- 
loid. By P. Gerald Sanfoud, F.I.C., Consul linf; Chemist to the Cotton 
Powder Company, Limited, &c. With Illustrations. Crown Svo. cloth. 

[Just Published. 
' ■ ' wanted. Mr. S.mfnvil -,>,: . 
mv.-ii . ■ S ;.l..-iv,- and lfl!s Ilk 
hroughout."-77.f F.n S i„ti r 
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A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use ol liynamiie. Gun-Cotton, 

Nitro-Glyt.erjiie. and oilier H\p;.isivi.. 1 "...iiij'.-.iir.d ■;, in h.. : .:i-.: '. 1 ■'■..■:i.,:i-!."ot'(Ti 
With Chapters on Explosives in Practical Application, llv M ElssLER, 1" ~ 
Second Edition. Enlarged. Crown Svo, cloth. [Jus! I'uhiisltti. 12/B 

biHdogimipdUE,-— Amta*4X<n2G«*ik- *" JEC ' ° etpo5 " : 

DANGEROUS GOODS. 

Their Sources and Properties. Modes of Storage and Transport. With Notes 
aud Com men is ..11 Accidents ansinc. t lis re from. \ Gtii-le for the Use of Govern - 
nd Railway Officials, Steamship Owners, &c. By H. Joshua Phillips, 

F.C.S. Crown Svo, 374 pages, cloth 8/- 

Wlde circulation ami an Ltiiulligetu, appreciative 5tttdy,"-C h lu.ua! Ntwi. 




CHEMICAL MANUFACTURES, CHEMISTRY, &>c. 35 

A MANUAL OF THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 

Powder. By John Lomas, Alkali Manufacturer. With 232 Illustrations and 

Working Drawings. Second Edition, with Additions. Super-royal 8vo, cloth. 

fil 10s. 

" We find not merely a sound and luminous explanation of the chemical principles of the trade, but 
a notice of numerous matters which have a most important bearing on the successful conduct of alkali 
works, but which are generally overlooked by even experienced technological authors." — Chemical 
Review. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc 

Containing all known Methods of Anhydrous Analysis, many Working Examples, 
and Instructions for Making Apparatus. By Lieut. -Colonel W. A. Ross, R.A., 
F.G.S. Second Edition, Enlarged. Crown 8vo, cloth .... 5/- 

"The student who goes conscientiously through the course of experimentation here laid down will 
gain a better insight into inorganic chemistry and mineralogy than if he had ' got up ' any of the best 
text-books of the day, and passed any number of examinations in their contents." — Chemical News. 

THE MANUAL OF COLOURS AND DYE-WARES. 

Their Properties, Applications, Valuations, Impurities, and Sophistications . 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth 7/6 

"There is no other work which covers precisely the same ground. To students preparing for' 
examinations in dyeing and printing it will prove exceedingly useful." — Chemical News. 

A HANDYBOOK FOR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 
Conclusions of Modern Research which bear upon the Practice of Brewing. By 
Herbert Edwards Wright, M.A. Second Edition, Enlarged. Crown 8vo, 
530 pp., cloth 12/6 

" May be consulted with advantage by the student who is preparing himself for examinational 
tests, while the scientific brewer will find in it a rtsumi of all the most important discoveries of modern 
times. The work is written throughout in a clear and concise manner, and the author takes great care 
to discriminate between vague theories and well-established facts." — Brewers' Journal. 

" We have great pleasure in recommending this handybook, and have no hesitation in saying that 
it is one of the best — if not the best — which has yet been written on the subject of beer-brewing in this 
country, it should have a place on the shelves of every brewer's library." — Brewers' Guardian. 

" Although the requirements of the student are primarily considered, an acquaintance of half-an- 
hour's duration cannot fail to impress the practical brewer with the sense of having found a trustworthy- 
guide and practical counsellor in brewery matters." — Chemical Trade Journal. 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 
H. J. Phillips, F.C.S., Formerly Analytical and Consulting Chemist to the 
Great Eastern Railway. Third Edition, Revised and Enlarged. Crown 8vo, 
cloth 2/- 

" Ought to have its place in the laboratory of every metallurgical establishment, and wherever fuel 
is used on a large scale." — Chemical News. 

THE ARTISTS' MANUAL OF PIGMENTS. 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 

Adulterations, &c, with Tests of Purity. By H. C. Standage. Third Edition, 

crown 8vo, cloth 2/S 

"This work is indeed multum-in-barvo, and we can, with good conscience, recommend it to all who 
come in contact with pigments, whether as makers, dealers, or users." — Chemical Review. 

A POCKET-BOOK OF MENSURATION & GAUGING. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, Spirit 
Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition, Revised, 

i8mo, leather 4/- 

" Should be in the hands of every practical brewer." — Brewers' Journal. 



CAOSS)' LOCA-lVOi'D & SON'S CATALOGUE. 

INDUSTRIAL ARTS, TRADES AND 
MANUFACTURES. 



MACHINERY AND TEA FACTORIES. 

Descriptive Treatise on the Mechanical Appliances required in ihe Cultivation 
of the Tea Plant and the Preparation of Tea lor the Market. Bv A. J. Wallis- 
Tayler, A.M. Inst. C.E. Medium Svo, 468 pp With 218 II lustrations. 

IJm Published. Net 25/. 
Summary of Contents. 
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FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Friedrich Kick, Imperial 
Regierungsrath. Professor of Mechanical Technology in the Imperial German 
Polytechnic Institute. Prague. Translated from the Second Enlarged and 
k?i:si-:1 )-Mi;ii-.i:, wiih Suvfilomcni. Hy II. II. [''. IVjwi.es, Assoc. Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding 
Plates, and 167 Woodcuts. Royal Svo, cloth . 
"This invaluable work is. an,! will r.m.iin. lb.' scaTiiiiiv.I .inihorlly on thescien 



il principles which he ( 



,1 lini-Iisi, 
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COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing. Dnuhlin.s and Spinning of Cut ton. the Methods ul I.) vein;.'. Ac. 
For the Use of Operatives, Overlookers, and Manufacturers. By John Lister, 
Technical Instructor, Pendleton, Svo, cloth 7/6 

"ThlBinvalinljIrvolmii.jisadiMincIatlvincfinlheliliir.itiireofcmir.iiniril.ijructiiFJ "—Machiairy. 
" It la thorough li r: lii.l.lf. iLilNlliriii ikit'iv all ihv ruijusn. infills desired. "—Glasgow Herald. 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. J. Wallis- 
Tayler, A.M.lnst.C.E., Author of " Refrigerating Machinery," Ac. With 
upwards of 300 Illustrations. Crown 8vo, cloth. [/'«' Published. 10/6 

"The htgi'. cracS.- :hjr is <Imih' in [lif c^iiuvni- nl ji.irLs t.f foicvclrs h.is uliicuii in ihe way of 1 
r facllltil-s !■■!■ lmiWhiB f'icycl. 5 ft.r [litir .iwn use. . . . 
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MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 
By A, J. Wallis-Tayler, Assoc. Memb. Inst. C.E., Author of "Modern 
Cycles," &c. iiz pp., with 76 Illustrations. Crown Svo, cloth 4/6 
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INDUSTRIAL AND USEFUL ARTS. 



FRENCH POLISHING AND ENAMELLING. 

A Practical Work of Instruction. Including Numerous Recipes for making 
Polishes, Varnishes. G I aze- Lacquers. Revivers. &c. By Richard Bitmead, 
Author of " The Cabinet-Maker's Guide.'' Small crown Sva, cloth. 

[Just Published. 1/6 

THE CABINET-MAKER'S GUIDE 

TO THE ENTIRE CONSTRUCTION OF CABINET WORK. 

Including Veneering, Marqnelrie, Bull 1 work, Mosaic. In laving, &c. By Richard 
Bitmead. Illustrated with Plans, Sections, and Working I'riiiiiny S;ii.l!I 
Crown 8vo, cloth. [Just Published. 2/6 

CEMENTS, PASTES, GLUES AND GUMS. 

A Practical Guide to the Manufacture and Application of the various Aggluti- 
nants required in the Building, Metal-Working, Wood -Working, and Leatlier- 
Working Trades, and for Workshop anil Oliice Use. With upwards of 900 
Recipes. By H. C. Standage. Third Edition. Crown 8vo. cloth 2/" 

"We have |>l,^, : ,,r.- in „|),::,k ' ,v,.„iv.i!,!y , i 1 1 , i- ■.- . . :-ic, .-;. So far as we have had eipertence, 

THE ART OF SOAP-MAKING. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps. Toilet Soaps. 
&c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys By Alexander Watt. Sixth 'Edition, including 
an Appendi\ on Motiern Candlemaking. Crown 8vo, cloth , 7/6 

"The work will prove very useful, no! merely IQ the technological student, bill ID the pracdcal 
soap-nnilf-r «■)>.■> ■.. i,l,. n I,, ,:„,!., -I.,,,. I ,];,■ ,1, ,,r. ■..( libs :m ." -Chemical Ntws. 

"A thorouiihly practical [realise. We con a inn late the am nor on ihe. sneers of liis ;- 1 1 . i . : l v -. . ; 1 1 :n 
fill a void in Knpsli-li ushiiscal littrmure."— Nttlurt. 

PRACTICAL PAPER-MAKING. 

A Manual lor Paper-Makers and Owners and Managers of Paper-Mills. With 
Tables. Calculations. &c. By G. Clappekton. Paper-Maker. With Illustrations 
of Fibres from Micro-Photographs. Crown 8vo, cloth .... 6,'- 

ti to vei«go Mna&nudMn 



THE ART OF PAPERMAKING. 

A Practical Handbook of the M.-innfaciure of Paper from Rags, Esparto, Straw, 
and other Fibrous Materials. Including the Manufacture of Pulp from Wood 
Fibre, with a Description of the Machinery and Appliances used. To which are 
added Details of Processes for Recovering Soda from Waste Liquors. By 
Alexander Watt. With Illustrations, Crown 8vo. cloth , . 7/6 

The' Art of Paper-Making' Is in every ro for* technical clamor for 

A TREATISE ON PAPER 

For Printers and Stationers With an Outtineof Paper Manufacture; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, lale of the Manchester Technical School. Demy Svo. cloth 3/6 

THE ART OF LEATHER MANUFACTURE. 

Being a Practical Handbook, in which the Operations of Tanning. Currying, and 
Leather Dressing are fully Dcscrilied. nrvj the Principles of Tanning Explained, 
and mail) kecent I 'roc-esses Introduced ; as also Mel hoi Is for the Pa tim alien of 
Tannin, and a Description of the Arts of Glue Boiling, Gut Dressing, &c. By 
Alexander Watt. Fourth Edition Crown 8vo, cloth . , . 9,'- 

■-■■■■■■ ■ ! ... ■ ■ ■ ■■ ■ ■ ■ '■:'.::...:'.'.';.".' 

THE ART OF BOOT AND SHOE-MAKING. 

A Practical Handbook, including Measurement, Last-Fitting, Cutting-Out, 
Closing and Making, with a Description of the most approved Machinery 
Employed. By John B. Leno 11 mo, cloth .2/- 
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WOOD ENGRAVING. 

A I'iticmi al and Easy Introduction lo ihe Study of the Art. By \V_ N, Bkowv. 

cloth 

■ k >■ d, u nd compfc u . in.] will be omM ic 

MODERN HOROLOGY IN THEORY AND PRACTICE. 

Translated from the French of Cumolos Sal-nieh, ex-Director of the School of 
Horology at Macon, by J r lien Trivplin. F.R.A S , Besanccn Watch Manu- 
facturer." am I KiiWaki) Kir.,-,, M A , Assayer in the Royal Mint With Seventy- 
eight Woodcuts and Twenty-two Coloured Copper Plates. Second Edition, 
Super-royal Svo : £2 2«., cloth: half-calf .... £2 lOS. 

h ' TbiTe is no horologies! work in Ihe English language at all lo be compared to this pn>ducHon of 

M. Sumter's (it r.l,:arnr-*s anil coiup], re:i, ] I ir- ,,!ik.. t; ! i- l:i:i,1. j -r in-- ■.■uli-ni and as 

■ :bi i Ipcrienced horologkl and *kill. d u-'.irkm.ni. "— Jtnrvloriialje 
"The lalol i hj . - m..*t cmiibt.-. and Ihe iimi reliable of iho.se literary 
cirnim hi..] v - I 1...-.1 f,.i ri ■,. i, ,; -nii-rtortty en 



THE WATCH ADJUSTER'S MANUAL. 

A Practif.il Guide? fir it le Watch and Chronometer Adjuster in Making, Springing, 
Timing and Adjusting; for Isochronisra, Positions and Temperatures By C. E. 
FB1TTB. 370 pages, with Illustrations, Svo, cloth . . . . ' 16/- 

THE WATCHMAKER'S HANDBOOK. 

Intended an a Workshop Companion for those engaged in Watchmaking and the 
Allied Mechanical Arts. Translate! from the French of Clal'i.'IL's Saiinier, and 
enlarged by Jlliek Tkipplis*, FR AS, and Edward Rtno, MA,. Assayer in 
the Royal Mint. Third Edition Crown Svo, cloth .... 9/- 
"Each pari is truly a treatise in Itjclf. The arrangement Is (ood and thu language is ci'-ar and 
CL-Jii.i— - 1 1 i- .hi .i.linir.ililr tniif for lh<: young walchmuker."— F.ngintetiii;. 

"It is Impossible lo speak loo hielik ,'.' ii- n<-<:lli rice. !i full.l- iv,-:. i ,..,, 1 :,-i„. ! , 1 Ii.m -lb. ;ok 

frue.nd-d for [In: ■ ;« ol j wuikniLili. Sli.iulri be found in tv.iv wurk,l]. J p. , --H'iifc/p ,m,l Clmkmakir. 

HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By James F. Kendal, M.B.H.Inst. 1/6 boards; or cloth, gilt 2/6 

■ '■;■ ■ I " . i, ■■.".. ■ ■ .': ■ .", .....,:','.'.. I .'■■ '■ ' ■ ;■.,.■.. 

of tho ancient or iii.jJ-.tii li...r..-l... J !.i."-. 1 > ! i/Wfl> fltiln... 

ELECTRO-DEPOSITION. 

A Practical Treatise on the Electrolysis of Gold, Silver, Copper, Nickel, and 
other Metals and Alloys. With descriptions of Voltaic i latteries, Magneto and 
Dynamo-Hlrxiiic Machines, Thernior.il.-s. ami of the Materials ami Processes 
used in every 1 leparlment of ihe Art, and Several t 'lia piers on Electro- Metal- 
lurgy. By Alexander Watt, Author of " Eletrro-MetallurLrv," die. Third 
Edition. Revised. Crown Svo. cloLh B/- 

ELECTRO-METALLURGY. 

Practically Treated. By A 



Watt. Tenth Edition, including the n 



JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen. Compiled from the Experience 
of Thirty Years' Workshop Practice. Liv George E, Gee. Author of the " Gold- 
smith's Handbook," Ac. Crown Svo, cloth 7/6 
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ELECTROPLATING. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c, &c. By J. W. Urquhart, C.E. Fourth 

Edition, Revised. Crown 8vo, cloth. [Just Published. 5/- 

41 An excellent practical manual." — Engineering. 
44 An excellent work, giving the newest information." — Horological Journal. 

ELECTROTYPING. 

The Reproduction and Multiplication of Printing Surfaces and Works of Art by 
the Electro-deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 
cloth .............. B/- 

44 The book is thoroughly practical ; the reader is, therefore, conducted through the leading laws of 

electricity, then through the metals used by electrotypers; the apparatus, and the depositing processes, 

up to the final preparation of the work." — Art Journal. 

GOLDSMITH'S HANDBOOK. 

By George E. Gee, Jeweller, &c. Fifth Edition. i2mo, cloth 3/- 

44 A good, sound educator, and will be generally accepted as an authority." — Horological Journal. 

SILVERSMITH'S HANDBOOK. 

By George E. Gee, Jeweller, &c. Third Edition, with numerous Illustrations. 

i2mo, cloth 3/- 

44 The chief merit of the work is its practical character. .• . . The workers in the trade will speedily 
discover its merits when they sit down to study it." — English Mechanic. 

%* The above two works together, strongly half -bound, price 7s. 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper and Tin- 
Plate Workers. By Reuben Henry Warn, Practical Tin-Plate Worker. New 
Edition, Revised and greatly Enlarged by Joseph G. Horner, A.M.I.M.E. 
Crown 8vo, 254 pages, with 430 Illustrations, cloth. [Just Published. 7/6 

BREAD & BISCUIT BAKER'S & SUGAR-BOILER'S 

ASSISTANT. 

Including a large variety of Modern Recipes. . With Remarks on the Art of 
Bread-making, By Robert Wells. Third Edition. Cr. 8vo, cloth . 2/- 
" A large number of wrinkles for the ordinary cook, as well as the baker." — Saturday Review. 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted, also for Family Use. 
By R. Wells, Author of "The Bread and Biscuit Baker." Crown 8vo, 

" We cannot speak too highly of this really excellent work. In these days of keen competition our 
readers cannot do better than purchase this book." — Baker's Times. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks; including a variety of 
Modern Recipes, and Remarks on Decorative and Coloured Work. With 129 
Original Designs. By Robert Wells. Second Edition. Crown 8Vo, cloth. 

5/- 

" A valuable work, practical, and should be in the hands of every baker and confectioner. The 
illustrative designs are alone worth treble the amount charged for the whole work." — Baker's Times. 

MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 

Remarks on the Ingredients Used in their Manufacture. By Robert Wells, 

Author of " The Bread and Biscuit Baker," &c, Crown 8vo, cloth . 2/- 

" The work is of a decidedly practical character, and in every recipe regard is had to economical 

working." — North British Daily Mail. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements and Allied Subjects. By T. O'Conor Sloane, A.M., Ph.D 
With numerous Illustrations, Square 8vo, cloth 5/- 



r CROSBY LOCKWOOD & SOWS CATALOGUE. 

HANDYBOOKS FOR HANDICRAFTS. 
BY PAUL N. HASLUCK. 
Editor of •' Work" (New Series). Author of "Lathe Work, 1 ' » Milling Machines," Sc. 
Crown 8vo, 144 pages, price 1/- each. 
S- These Handybooks have been awitttm to supply MmMm for Workmen. 
StcdenTs. and Amatecks In the several Handicrafts, on thi actual Practice of the 
Workshop, and are intended to convey in plain language Technical Knowledge of the 
several Crafts. In describing the processes employed, and the manipulation of material. 
Workshop terms arc used ; wrhsfaip practice is fully explained ; and the text is freely illustrated 
with drawings of modern tools, appliances, and processes. 

METAL TURNER'S HANDYBOOK. 

A Practical Manual for Workers ai the Foot-Lathe. With roo Illustrations 1/- 
"The book will ba of service alike to the amateur and the ■man turner. It displays thorough 
knowledge of the subject."— Scotsman. 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over 100 Illustrations 1/- 
Kmshttav^ofer'anuinmlofibis'Sx^tl IwhajOT."— MMehanieal World? C ° 

WATCH JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning. Repairing, and Adjusting. With upwards of 
100 Illustration 1/- 

'• We stron.'l ■, ;.,Mv .ill ymirii; iiersons connected with the watch trade to acquire and study this 
tneipenalve work,"— Cltrkenunlt Chronicle. 

PATTERN MAKERS' HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Pounders. With upwards 

of 100 Illustrations 1/- 

" A most yaluabla, if not iriclisj»-iis;iUc. manual for the pattern maker."— Knowledge. 

MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing Information on 
various Hanilit trail Processes. With Useful Notes and Miscellaneous Memo- 
randa, Comprising about 200 Subjects 1/- 

find a place In a I I'techn leaf schools."— Saturday RivUa!" 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 
upwards of 100 Illustrations 1/- 

CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Kt-ipauir.-, and Adjusting. With upwards of 
100 Illustrations __ 1/- 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tin .Is. Materials, Appliances, and Processes employed 
in Cabinet Work. With tmw»rdsof «0C initiations . ... 17- 

"Mr. Haslnck's llK.irolliibiiolru: little Handybook is amount the. most |iijrrLi,-.,l |-i;I.1,h we Iuvl- 
wen for beginners ill cabinet-work." -Saturday tHauw. 

WOODWORKER'S HANDYBOOK. 

Embracing Infvrmatifm uii the Tciols, Materials, Appliances, and Processes 
Employed in Woodworking. With 104 Illustrations .... 1/- 

" Written by a man who knowi nut only hoiv wurk oi. K ln t.i lie done, but bow to do It, and how ta 

" Mr. Hiislurk writes arl[iiiL-nl. , i'. .imI siv,, cjniplcu- instruction.;."— Engineer. 

"Mr. Haslurk cmWiirH rli.- , < | ir-r i< v.i:, i.f .1 ]j r .n::k;il n-:idi.-r "i;h il ltinijuiUlivo skill and 

scientific knoivl, ,l K ,-,.,1 |,ir,c, ;si-s ...I ibi- irain.-.t in-.d ,:.;in. .,i„i ill anuakaro Lii.iivt k of what can 

' I' ' ■■■'.,.' ' : , . ■ ■ -, .;..-, ■ ■ ,■■..:.. . ■. ,,..■: /, 

- -■--, and practical."— Saturday Sevieu: 



COMMENCE. COUNTING-HOUSE iVOKK. TABLES, &V. 

COMMERCE, COUNTING-HOUSE WORK, 
TABLES, ETC. 

LESSONS IN COMMERCE. 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa. 
Edited and Revised by James Gault, Professor of Commerce and Commercial 
Law in King's College, London. Fourth Edition. Crown Svo, cloth . 3 6 

cilion uv [lit u] .part ■ ;■■:.,,■. .x: ;■.■■; of tin-. • uhmu-. . . . Hit! wurk is |>«ulwrK- :ic.r;t |ii:ihl(; to 

ciiBllsh rtai'i.rs ,inr[ an admirable iidiiilton I" existing class banks. In j phrase, wi- think [lit n«irk 
..t(. ur, , its,. I»|. ..[ in furnishing .1 brief itccmint of those kuvs and customs oi British trtide with which 

■ 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Correspondence in Five Languages — English, French, 
German. Italian, and Spanish. By Conrad E. Baker. Third Edition. Care- 
fully revised throughout. Crown Svo, cloth. {Just Published. 4/6 



study this work 
entire specimen 



le ]ji!unii.Bf-s j j : . - n l i .. 1 1 . l I iiy Mr. Ilnk.i ^;,nnot do better than 



19 fur. 



at it Is unusually complete, well arranged and nibble. 

The book Is a thoroughly Rood one."— Schoolmate'. 

FACTORY ACCOUNTS: THEIR PRINCIPLES AND 

PRACTICE. 
A Handbook for Accountants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details ; the Income Tax Acts ; the Rating of 
Factories; Fire and Boiler Insurance: the Factory and Workshop Acts, &c, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emile GakCKE and J. M. FELLS. Fourth Edition. Revised and Enlarged. 
Demy Svo, 250 pages, cloth 6,- 

■ ■ 1 1'. ■ ■■■■■'. : 1 1 1 > .iiif! ■. 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the Present Century. "With an 
Appendix containing a proposed English System. By Lowis D'A. Jackson, 
A.-M.Inst.C.E., Author of "Aid to Survey Practice." &c. Large crown 8vo. 
cloth 12/6 

N«r*re. G rCCOmmen !W ° r " n,erew * nl e pract OS re orui ourwenj Is an measures. - 

SERIES OF METRIC TABLES. 

In which the British Standard Measures and Weights are compared wilh those 
of the Metric System at present in Use on the Continent. By C. H. Dowlino, 
C.E, Svo, cloth 10/6 

IRON AND METAL TRADES' COMPANION. 

For expeditiously ascertaining the Value of any Ootids bought or sold by Weight, 
from is. per cwt. to !i2s. percwt,.and from one farthing per pound to one shilling 
per pound. By Thomas Downie. Strongly bound in leather. 396 pp. 






«* '.rojrs /.cc//;r;;i > x:.'." catazZ'ZVS. 



NUMBER, WEIGHT, & FRACTIONAL CALCULATOR. 

/*. v^ *• «22 ^:ffer«:* raze* rvrziriz firom x4r& c£ * Pec^y k> ac*. each, cr per 
' »• arX fir, \a~ r.',r. ',: ar.y -ember of articles occaeccdvelT. &cq i to 470. 
Ar.v r. \?r.:*x 'A i* m \ crs zrA Vza . tzrxs* 1 on 63 4-0 cwrs — Aav namber of 



v,r.* './»•% <£*. *;A'.7/>. fr',rr. 1 •/, x 000 :om Bt Wclluji Chadwicx. Public 
A ' / on :. •* r. • T r. : fi K/i : • : or. Revised and I arrived Sto. str: ezly boand IS - 

t* .z 4* * 4*y '.* i*{*t '•:*.*■ '.-A ar.> ir.rw*r cr «r.i c-^r.b*r -f ars-w^rs as a <Sco:tirr. For making 
ttp fy. r.'i '/f *•*•..*.',**/ n ••./■ h-vok sr. '.« y:'/**; ir.rilzzb'j* zz all wh; ia** aaj oooaadoabue qaandtj ot 

t»k'.(^v/».» »r u ',.'.. s.ff y:sA 4tsi .T^a*..r* ir. ar.y ccmbir-aacc tcr d-." — £1 
' 'I t»* us*.* iniifA m f A*. 'A tiw: *.tA j+x prepared.'— <rlax 5 tfi: Hen ' 

THE WEIGHT CALCULATOR. 

Jteing a Srri*^ of Tables upon a New and Comprehensive Plan, exhibiting at one 
J<*f#;r#rfj'A* th': exa/U VaJue of any Weight from 1 lb. to 15 tons, at 300 Progressive 
l<Mt**., from id to \(&,%. per cut , and containing 186,000 Direct Answers, which, 
with tbfcir Combinations, consisting of a single addition (mostly to be performed 
at <tight;, will afford an aggregate of 10,266,000 Answers ; the whole being calcu- 
late! and designed to ensure correctness and promote despatch. By Henry 
IIauhkh, Accountant. Fifth Edition, carefully corrected. Royal 8vo, strongly 
half bound £1 5s. 

" A tititt;tir,n\ auiS iiM'ful work of reference for men of business generally." — Ironmonger. 
"OfytUM ' ' " ~ " 

hulipitultnt. 



Af%% valuer to buMrtcM men. It is a necessary book in all mercantile offices." — Sheffield 



THE DISCOUNT GUIDE. 

Compiling several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and others, by which may be ascertained the exact Profit arising 
from any modi; of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Kate of Discount, or Advancing a Price, so as to 
produce, by win operation, a sum that will realise any required profit after 
allowing <>ne or more Discounts; to which are added Tables of Profit or Advance 
from ij to go per cent., Tables of Discount from i\ to 98} per cent., and Tables 
of CommiHMion, tve, from A to 10 per cent. By Henry Harben, Accountant. 
New Kditlon, Corrected. J >cmy 8vo, half-bound £1 5s. 

" A bunk aucIi im t)ih« run only be appreciated by business men, to whom the saving of time means 
mhvImk »>| iihuu'V. 'I'hr work imuhI prove of great value to merchants, manufacturers, and general 
timid n." Utthsh Tuuit Journal, 

TABLES OF WAGES. 

At ,v|, *ii t ,y>, and .\H Hours per Week. Showing the Amounts of Wages from 
One quarter ol an hour to Sixty-four hours in each case at Rates of Wages 
advancing by One Shilling from 4s. to 55s. per week. By Thos. Garbutt, 
Accountant. Square crown 8vo, half-hound 6/- 

IRON-PLATE WEIGHT TABLES. 

lor Iton Shipbuilders, K.ngincers and Iron Merchants. Containing the Calcu- 
lated Weights ot Cpwards of 150,000 different sizes of Iron Plates from 1 foot by 
o in by J in. to to tt*et by 5 feet by 1 in. Worked out on the basis of 40 lbs. to 
thesquatv loot of Iron of 1 inch in thickness. By H. Burlixsox and W. H. 
Simcson 410, half Uumd 25/- 

MATHEMATICAL TABLES (ACTUARIAL). 

\\MupttsHVH Commutation and Conversion Tables. Logarithms. Cologarithms, 
AnnU^anthms anvl Ktvipiwals By J \Y. Gorivn. Royal Svo. mounted on 
canvas \n cK^th case lj ui * F*c»:$*rJ. 5 '- 
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AGRICULTURE, FARMING, GARDENING, ETC. 

THE COMPLETE GRAZIER AND FARMER'S AND 

CATTLE BREEDER'S ASSISTANT. 

A Compendium of Husbandry. Originally Written by William Youatt. 
Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought up 
to Present Requirements, by William Fream, LL.D., Assistant Commissioner 
Royal Commission on Agriculture, Author of " The Elements of Agriculture," &c. 
Royal 8vo, 1,100 pp., with over 450 Illustrations. Handsomely bound. 

[Just Published. £1 lis. 6d. 

Summary of Contents. 



Book I. On the Varieties, Breeding, Rear- 
ing, Fattening and Management of Cattle. 

Book II. On the Economy and Management 
of the Dairy. 

Book III. On the Breeding, Rearing, and 
Management of Horses. 

Book IV. On the Breeding, Rearing, and 
Fattening of Sheep. 

Book V. On the Breeding, Rearing, and 
Fattening of Swine. 

Book VI. On the Diseases of Live Stock. 



Book VII. On the Breeding, Rearing, and 
Management of Poultry. 

Book VIII. On Farm Offices and Imple- 
ments of Husbandry. 

Book IX. On the Culture and Manage- 
ment of Grass Lands. 

Book X. On the Cultivation and Applica- 
tion of Grasses, Pulse and Roots. 

Book XI. On Manures and their Appli- 
cation to Grass Land and Crops. 

Book XII. Monthly Calendars ofFarmwork. 

%* Opinions of the Press. 

" Dr. Fream is to be congratulated on the successful attempt he has made to give us a work which 
will at once become the standard classic of the farm practice of the country. We Believe that it will be 
found that it has no compeer among the many works at present in existence. . . . The illustrations 
are admirable, while the frontispiece, which represents the well-known bull, New Year's, Gift, bred by 
the Queen, is a work of art." — The Times. 

" The book must be recognised as occupying the proud position of the most exhaustive work oi 
reference in the English language on the subject with which it deals." — Athenceum. 

"The most comphrehensive guide to modern farm practice that exists in the English language 
to-day. . . . The book is one that ought to be on every farm and in the library of every land 
owner." — Mark Lane Express. 

" In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and unique 
.position among books dealing with scientific agricultural practice. It is, in fact, an agricultural library 
of itself." — North British Agriculturist. 

" A compendium of authoritative and well-ordered knowledge on every conceivable branch of the 
work of the live stock farmer ; probably without an equal in this or any other country." — Yorkshire Post. 

FARM LIVE STOCK OF GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E., &c, Professor of Agricultural and Rural 
Economy in the University of Edinburgh. Third Edition, thoroughly Revised 
and considerably Enlarged. With over 120 Phototypes of Prize Stock. Demy 
8vo, 384 pp., with 79 Plates and Maps. Cloth 12/6 

" A really complete work on the history, breeds, and management of the farm stock of Great 
Britain, and one which is likely to find its way to the shelves of every country gentleman's library." — 
The Times. 

" The latest edition of ' Farm Live Stock of Great Britain ' is a production to be proud of, and its 
issue not the least of the services which its author has rendered to agricultural science."— Scottish 
Farmer. 

" The book is very attractive, . . . and we can scarcely imagine the existence of a farmer who 
would not like to have a copy of this beautiful and useful work." — Mark Lane Express. 

NOTE-BOOK OF AGRICULTURAL FACTS AND 

FIGURES FOR FARMERS AND FARM STUDENTS. 

By Primrose McConnell, B.Sc, Fellow of the Highland and Agricultural 
Society, Author of " Elements of Farming." Sixth Edition, Rewritten, Revised, 
and greatly Enlarged. F'cap. 8vo, 480 pages, leather, gilt edges. 

[Just Published. 6/- 

SUMMARY OF CONTENTS. 

Surveying and Levelling. — Weights and Measures. — Machinery and Buildings. — 
Labour. — Operations. — Draining. — Embanking. — Geological Memoranda. — Soils. — Manures. 
— Cropping. — Crops. — Rotations. — Weeds. — Feeding. — Dairying, — Live Stock. — Horses. — 
Cattle. — Sheep. — Pigs. — Poultry. — Forestry. — Horticulture. — Miscellaneous. 

" No farmer, and certainly no agricultural student, ought to be without this multum in parvo manual 
of all subjects connected with the farm." — North British Agricultuiist. 

"This little pocket-book contains a large amount of useful information upon all kinds of agricultural 
subjects. Something of the kind has long been wanted." — Mark Lane Express. 

' "The amount of information it contains is most surprising; the arrangement of the matter is so 
^methodical —although so compressed — as to be intelligible to every one who takes a glance through its 
pages. They teem with information." — Farm and Home. 



CROIBY LOCKWOOD *• SON'S CATALOGUE. 



BRITISH DAIRYING. 

A Handy Volume on the Work of the Dairy-Faruu For the Use of Technical 
Instruction Claaaea, Students in Agricultural Colleges and the Working Dairy- 
Firmer. By Prof. I. P. Skeldos With Masts. Second Edition. Revised. 
Crown 8vo. cloth. i/usl Publidud. 2/» 

. r. wmnirnded a* a tueful tutl-book on dairj fanning."— Agritul1*r*l Gouttt. 
i l.f MM hjllnoim manual op dairy work thai hai yet been produced."— Xftti finfui 

MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produciion. 
IncludinK a Chapter on Cream and the Methods of its Separation from Milk. 

I!v J-.ir'. fir s'.tk. lair: iTiriircal of the Western Dairy Institute. Berkeley. With 
Coloured Plates and aoo Illustrations. Crown 8vo, cloth 7/ft 

Kirn".'" il^A't^uiit.n'ii'"" ""^ re0 ° n " nen e 

hllaci jcijunliion to the lihrjry of Ihe agriculturist."-.-! 



r.r... 1I11..1 
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SYSTEMATIC SMALL FARMING. 

Or, The Lessons of my Farm. Being an introdu, 
(or Small Farmers. By R. Scott Bur:* 
Farming," &<•. Crown Bvo, cloth 



OUTLINES OF MODERN FARMING. 

By H. Scott Burn, Soils. Manures, and Crops — harm in(; ami Farming Economy 
—CUtl0, Sheep, and Horses— Management of Dairy. Pigs, and Poultry— 
Utilization of Town-Sewage, Irrigation, &c. Sixth Edition, In one vol., 1,25c 
pp., half-hound, profusely Illustrated 12/- 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK or. 

C jiritinK Dt'iiininK mill Hnikinkmj; ; irrigation and Water Supply ; Farm 

Roads.. Fences, and Gates; Farm Buildings ; Ham Implements and Machines, 
Field Implements and Machines; Agricultural Surveying, &c. By Professor 
John Scott. In one vol., 1,150 pp.. half-bound, with over Goo Illustrations, 12/- 
'• Wrltlui with icruat cara.aiwell uwltfe knowledge and abUltt, The atiihoc has done his n- D rfc 
— ii- — have I „l ., v, ,y in,..n„„-,li, „,■'■"■ ■■■• 
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THE FIELDS OF GREAT BRITAIN. 

A TMt- Book of Agriculture. Adapted to the Syllabus of the Science and Art 
[ii|.ii'ii.iii! l-\>r Hleineiiinrv and Advanced Students. By Hugh Clements 
(Hoard of Trade). Second Edition, Revised, with Additions. iStno, cloth . 2/S 

v.it Md uaolul'fund of Imowtadg"^™ oifiiw at 1 .-k.j." P '***'' 

TABLES AND MEMORANDA FOR FARMERS, GRAZIERS, 
AGRICULTURAL STUDENTS, SURVEYORS, LAND AGENTS, 
AUCTIONEERS, 4*c 

With n New System ot Farm Book-keepinx. By Sidney Fbancis. Fifth 
Edition. j;i pp., waistcoat -picket siie. limp leather. [/"St PxbiishfJ. 1/6 

"Wrlfhlnc lr« than 1 ni„and occupying n 

hen unit calculnltitti* which has rK-irw before, in 

mi (he U1111 Ii it,-.ll »ttli Thr i™rt limy b,- u 

tuvlHK brrn rivlwd by Dr. Krejm. We cordial] 



ii. been obtainable. 
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imttlend £*— Hatri Wukly HMwajn 

THE ROTHAMSTED EXPERIMENTS AND THEIR 
PRACTICAL LESSONS FOR FARMERS. 
Parti Stuck. Part II. Crops Bv C. J ft. Tipper. Crown 8vo. cloth. 

' ' If Pwblisiti. S/» 
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FERTILISERS AND FEEDING STUFFS. 

Their Properties and Uses. A Handbook for the Practical Farmer. By 
Bernard Dyer, D.Sc. (Lond.). With the Text of the Fertilisers and Feeding 
Stuffs Act of 1893, &c. Third Edition, Revised. Crown 8vo, cloth. 

[Just Published. 1/- 
" This little book is precisely what it professes to be — ' A Handbook for the Practical Farmer.' 
Dr. Dyer has done farmers good service in placing at their disposal so much useful information in so 
intelligible a form."— The Times. 

BEES FOR PLEASURE AND PROFIT* 

Guide to the Manipulation of Bees, the Production of Honey, and the General 
Management of the Apiary. By G. Gordon Samson. With numerous Illustra- 
tions. Crown 8vo, wrapper 1/- 

BOOK-KEEPING FOR FARMERS AND ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Fourth 
Edition. Crown 8vo, cloth. [Just Published. 2/6 

" The volume is a capital study of a most important subject." — Agricultural Gazette. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c, &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the end of 
the Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 
Folio, half-bound. [Net 7/6 

" Contains every requisite for keeping farm accounts readily and accurately." — Agriculture. 

THE FORCING-GARDEN. 

Or, How to Grow Early Fruits, Flowers, and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samuel Wood. Crown 8vo, cloth 3/6 

" A good book, containing a great deal of valuable teaching." — Gardener's Magazine. 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. By S. Wood. Fourth 
Edition, with considerable Additions, &c, and numerous Illustrations. Crown 
8vo, cloth ............. 3/6 

"A very good book, and one to be highly recommended as a practical guide. The practical 
directions are excellent." — A thenaum. 

MULTUM-IN-PARVO GARDENING. 

Or, How to make One Acre of Land produce /620 a year, by the Cultivation of 
Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses, 
so as to realise £176 per annum clear Profit. By Samuel Wood, Author of 
" Good Gardening," &c. Sixth Edition. Crown 8vo, sewed . . . 1/. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 3/6 

POTATOES: HOW TO GROW AND SHOW THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo 2/- 

MARKET AND KITCHEN GARDENING- 

By C. W. Shaw, late Editor of «' Gardening Illustrated." Crown 8vo, cloth. 
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AND ESTATE AGENT AND VALUER'S POCKET ASSISTANT, 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities and 
Reversions, and of property generally; with Prices for Inventories, &c. By 
John Wheeler. Valuer, &c. Sixth Edition, Re-written and greatly Extended 
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AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 



THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including Example 
of a Detailed Report on Management and Realisation ; Forms ol Valuations of 
Tenant Right ; Lists of Local Agricultural Cusioms : Scales of Compensation 

under the Agricultural Iloidiuj:- Act. ;md a L.rief Treatise on CunipensaiioTi 
under the Lands Clauses Acts, &c. By Tom Bhigiit, Agricultural Valuer,. 
Author of " The Agricultural Surveyor and Estate Agent's Handbook." Fourth 
Edition, Revised, with Append i\ roaiainiiij.: a I ligest ol ilin A;-: a.nlniral I Inklings 
Acts, 1883-1900. Crown 8vo, cloth. [Jul Published. Nit Oj— 
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POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook or. F.stir:ia!i:ig the Cost of Fonnii-:.:. Renovating, Improv- 
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AGRICULTURAL SURVEYOR AND ESTATE AGENTS 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual for 
the Use of Surveyors, Agents, Landowners, and others interested in the Equip- 
ment, the Management, or the Valuation of Landed Estates. By Tom Bright, 
Agricultural Surveyor and Valuer, Author of " The Agricultural Valuer's. 
Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

[Just Published. Net 7/a 
" An exceedingly useful book, the contents of which are admirably chosen. The classes for whom 
the work is intended will find it convenient to have this comprehensive handbook accessible for 
reference." — Live Stock Journal. 

" It is a singularly compact and well informed compendium of the facts and figures likely to be 
required in estate work, and is certain to prove of much service to those to whom it is addressed." — 
Scotsman. 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much improved Plan, for Calculating the Value of Estates, 
With Tables for reducing Scotch, Irish, and Provincial Customary Acres to- 
Statute Measure, &c. By R. Hudson, C.E. New Edition. Royal 321110. 

leather, elastic band 4/-- 

" Of incalculable value to the country gentleman and professional man." — Farmers' Journal. 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables; and Memoranda required in any Computation 
relating to the Permanent Improvement of Landed Property. By John Ewart, 
Surveyor. Second Edition, Revised, Royal 321110, oblong, leather 4/-. 

" A compendious and handy little volume." — Spectator. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6- 

HANDBOOK OF HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Tenancy, and Compulsory Sale 
of Houses and Land, including Dilapidations and Fixtures : with Examples of 
all kinds of Valuations, Information on Building and on the right use of 
Decorative Art. By E. L. Tarbuck, Architect and Surveyor. Sixth Edition. 
i2mo, cloth. [J^st Published. 5,'- 



" The advice is thoroughly practical." — Law Journal. 

" For all who have dealings with house propeity this i 

" Carefully brought up to date, and much improved by the addition of a division on Fine Art. 



" For all who have dealings with house propeity this is an indispensable guide." — Decoration. 
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A Handbook of Instruction and Counsel for the Young Journalist. By John B. 

Mackie, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/-- 

" This invaluable guide to journalism is a work which all aspirants to a journalistic career will read 
with advantage."— Journalist. 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders, for 
the authorization of Railways, Tramways, Gas and Water Works, &c. By 
L. L. Macassey, of the Middle Temple, Barrister-at-Law, M.I. C.E. 8vo, cloth. 

PATENTS FOR INVENTIONS, HOW TO PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth . . 1/3 

CONCILIATION AND ARBITRATION, 

IN LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the Question 
at Home and Abroad. By J. S. Jeans. Crown 8vo, 200 pp., cloth . 2,6- 
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A Handy-Book of the Principles of Law and Equity. With a Concise 
Dictionary of Le^al Terms. By A Barrister. Thirty-ninth Edition, carefully 
Revised, and including New Acts of I'arliament of rgoi. Comprising the 
Youthful Offenders Act. 1901 : the Larceny Act, 1901 : the Intoxicating Liquors Act, 
igoi ; the Factory and Workshop Art, 1901, and other enactments of the year. 
Judicial Decisions during the year have also been duly noted. Crown 8vo, Bo" — 
strongly bound in cloth. [Just Published. 
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Pioneer Engineering. 

A Treatise on the Engineering ( 






ig Operations connected with the Settlement of Was 
i- E. IX'HShn. M.Inst.CE. Second Edition. . 4/ 



Iron and Steel Bridges and Viaducts. 

A Practical Treatise upon their Construction. For the use of Engii 
and Students. By Francis CampiN, CE 



Constructional Iron and Steel Work. 

As applied to Public, i'ni-.u.-. ,m<! Domc-Mit- Umldiiics. IIyFkam i.CAMPIN.CE. 3/fl 
" This practical book mr.y be counted a most valuable work.'"-AV,W, Ankitat. 

Tubular and other Iron Girder Bridges, 

Describing the Britannia and Cunwnv Tubular Ftridi;cs. With n Sketch of I 
Bridges, &c By G. Drvsdai.e Dempsev. CE. Fourth Edition . 

Materials and Construction. 

A Theoretical and Practical Treatise on the Strains, Designing, and Erection c 
Works of Construction. By FRANCIS Ca»JN, CE. Second Edition 
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published to our knowledge in viii.b li >:!ienn .:...m]jicriensive f.TiLi."- Building News. 
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Constpuction of Roads and Streets. 

By H. Law. CE.. and D. K. Clark, C.I',. Sisili l-Jdiiion. revised, with Addition 

Chapters by A J. W.m.i.is-Tavi.kk, A.M. Inst. CE. \Jasl fnblishtd. ' 

Construction of Gas Works, 

And the Manufacture and [)j«iriiniijiiji . .ftJo.il Gas. By S. HvoiiES. CE. Re-writtei 
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As applied to drive Flour Mills, and to eive n 
Engines. By JOSEPH GLYNN, F. R.S 

Wells and Well-Sinking-. 

, By J- g. " 
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Drainage of Lands, Towns, and Buildings. 

By G. D. Dkmi'Sky, C.I-:. Revised. v,ith large Additions ,m decent Practice it_ 
Drainage Engineering, by D. KlMMKAl CLARK, M.I.C.E. Third Edition . 4/6 
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Blasting? and Quarrying? of Stone, 

For Building and other Purposes. With Remarks on the Blowing up of Bridges. 
ByGen. Sir). Burgoyne, K.C.B 1/6 

Foundations and Concrete Works. 

With Practical Remarks on Footings, Planking, Sand, Concrete, B£ton, Pile-driving, 
Caissons, and Cofferdams. By E. Dobson, M.R.I.B.A. Seventh Edition . 1/6 

Pneumatics, 

Including Acoustics and the Phenomena of Wind Currents, for the use of Beginners. 
By Charles Tomlinson, F.R.S. Fourth Edition, enlarged. Illustrated . 1/6 

Land and Engineering? Surveying?. 

For Students and Practical Use. By T. Baker, C.E. Eighteenth Edition, revised 
and extended by F. E. Dixon, A.M. Inst. C.E. Illustrated with Plates and Diagrams. 

[fust published. 2/0 

Mensuration and Measuring?, 

With the Mensuration and Levelling of Land for the purposes of Modern Engineering. 
By T. Baker, C.E. New Edition by E. Nugent, C.E 1/6 



MINING AND METALLURGY. 
Mineralogy, 

Rudiments of. By A. Ramsay, F.G.S. Third Edition. Woodcuts and Plates 3/6 

"The author throughout has displayed an intimate knowledge of his subject, and great facility in 
imparting that knowledge to others. The book is of great utility." — Mining- Journal. 

Coal and Coal Mining, 

By the late Sir Warington W. Smyth, M.A., F.R.S., Eighth Edition, Revised and 
Extended by T. Forster Brown, Chief Inspector of the Mines of the Crown and of 
the Duchy of Cornwall [Just Published. 3/6 

" Every portion of the volume appears to have been prepared with much care, and as an outline is 
■given of every known coal-field in this and other countries, as well as of the two principal methods of 
-working, the book will doubtless interest a very large number of readers." — Mining Journal. 

Metallurgy of Iron. 

Containing History of Iron Manufacture, Methods of Assay, and Analyses of Iron Ores, 
Processes of Manufacture of Iron and Steel, &c. By H. Bauerman, F.G.S., A.R.S.M. 
With numerous Illustrations. Sixth Edition, revised and enlarged . . . 5/0 

"Carefully written, it has the merit of brevity and conciseness, as to less important points; while all 
material matters are very fully and thoroughly entered into." — Standard. 

Mineral Surveyor & Valuer's Complete Guide. 

Comprising a Treatise on Improved Mining Surveying and the Valuation of Mining 
Properties, with New Traverse Tables. By W. Lin'tern, C.E., Third Edition, with an 
Appendix on Magnetic and Angular Surveying, with Records of the Peculiarities of 
Needle Disturbances. With Four Plates of Diagrams, Plans, &c. . . . 3/6 
"Contains much valuable information, and is thoroughly trustworthy." — I ron& Coal Trades Review. 

Slate and Slate Quarrying, 

Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. , Mining Engineer, &c. 

With numerous Illustrations and Folding Plates. Third Edition . . . 3/0 

" One of the best and best-balanced treatises on a special subject that we have met with." — Engineer. 

A First Book of Mining? and Quarrying, 

With the Sciences connected therewith, for Primary Schools and Self-Instruction. Bv 
J. H. Collins, F.G.S. Second Edition, with Additions 1/6 

" For those concerned in schools in the mining districts, this work is the very thing that should be in 
the hands of their schoolmasters." — Iron. 

Subterraneous Surveying*. 

By Thomas Fen wick. Also the Method of Conducting Subterraneous Surveys 
without the use of the Magnetic Needle, &c. By T. Baker, C.E. . . . 2/6 

Mining Tools, 

Manual of. By W. Morgans, Lecturer on Mining at the Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to the above, containing 235 Illustrations drawn to Scale. 4to. . 4/6 

" Students, Overmen, Captains, Managers, and Viewers may gain practical knowledge and useful 
hints by the study of Mr. Morgans' Manual." — Colliery Guardian, 



Historical Geology, 

Partly based on Mijor-Geiwral Pohtlock's " Rudiments." By Ralph Tate . 2/6 

Geology, 

Pnv-r. ■ . ■ : . i ..niM'r::,' of " Phvw.il '".eoiogy." which sets forth the 

lading i'rtnciples uf the Science ; and "' Historical Geolouv," which treats of the 

nil 'he Earth at each successive epoch. Bv Ralph 

Tate. Mi S. With !;o Illustrations 4/0 

" arranged, to thai any suoject may be opened upon :it once/ 1 — ScAeel beard Ckrvudt. 



MECHANICAL ENGINEERING. 
Workman's Manual of Engineering Drawing. 

Bv JOHN Maxtov, Instructor in Engineering Drawing. Royal Naval College, Green- 
wich. Seventh Edition, 300 Plates and Diagrams 3/6 

els: Solid, Liquid, and Gaseous. 
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■[■■■-. reviled 

1 OtiHhl loUave a. pLu-e in ibe laboratory of every metallurgical establishment, and ■bnLVMl fed is 

Fuel, Its Combustion and Economy. 

Consisting of an AMtawnl ci " A 1 realise on the Combust 
I'r-v.nt ■■■ .,t Mt].,te Bv C. W. Williams, A.I.C.E. With 
by D. KrsSKAB (. LARK, M. Inst. C.E. Third Edition, corrected . 
" aiLnIturi ihoald buy ti.' 1 boat and read it. as one or the most complete and satisfactory treatises c* 

ihe cfTnl'ust nri, I '■i.i.i,..j|.y .,1" fuel [-, U- h.-ul.'"-- fcftginter. 

Boilermaker's Assistant 

In Drawing. Templali 
Practical Boilermaker. 

Boilermaker's Ready Reckoner, 

With Exampli-s of lYaciical Geometry and Tcmptating for the Use of Platers. Smiths, 

and Riveters, liv Jon* Ouhtney. Edited bv D. K. Clark. M.I. C.E. . 4/0 

*.* '!■„ . ■■' ■,,;;...■..,, ,,.,,.- ,'■ : ■■«>;,!. .-<!,'/,;f "The Bott-nk maker's Ready 

Reckoner And Assistant." By J Ci" ■RTNiivnnd D K. Clark. Price 7/0 

" S in-- 1 u'-'.l'i! '■ V, v ■ :.,r ,1. ■■■■ .:;,-.'■ :,-■■■ .,:■■.: ■'. I.c ivill-,i,ln it-' - / r."i Trade Circular. 

y R. Armstrong, C.E. Illustrated . ] 
"A maw of information notable f..r beginners."- DaigH .W lr-eri. 

Steam and Machinery Management. 

A Guide to the Arrangement and l-:i:.i!i-,n.ii: il \lana:'.air:.t ..I Machinery, wiih Hints 
Construct ion ami Selection, ilv M. I'uwis Balk. M. Inst. M.E. ... J 
"Give* the results ci wide e Ki ,r riant e. "-L, 'lyrfj Newspaper. 

Steam and the Steam Engine, 

Stationary and Portable. Being an Exli-ri^m ,,1" the Treatise on the Sl.-am Engins 
Mr. J. Sewell. Bv II. K, Clahk, C.E. Third Edition . £ 

' -' — mpctcntly, and in a popular style. "—/ran. 



The Steam Engine, 

A Treatise on tin- MniJi.-matb 



Theory of, with Rules and Examples for Practical 



Illustrated . . . .1/6 

Locomotive Engines. 

A Rudimentary Treatise on. Bv G, D. Demi'sey. C.E. With large Additions treating 
'the Modern Locomotive, by 1). K. Clahk. M. List. C.E. With Illustrations 3/0 
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Locomotive Engine-Driving. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By Michael 
Reynolds, M.S.E. Tenth Edition. 3/6 limp ; cloth boards . . . 4/6 

" We can confidently recommend the book, not only to the practical driver, but to everyone who 
takes an interest in the performance of locomotive engines. ' — The Engineer. 

Stationary Engine Driving. 

A Practical Manual tor Engineers in Charge of Stationary Engines. By Michael 
Reynolds, M.S.E. Sixth Edition. 3/6 limp ; cloth boards . . . 4/6 

" The author is thoroughly acquainted with his subjects, and has produced a manual which is an 
exceedingly useful one for the class for whom it is specially intended." — Engineering. 

Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. E. Crane. . 2/6 
" The first modern English book on the subject. Great pains have been bestowed by the author 
upon the book ; shoeing-smiths will find it both useful and interesting." — Builder. 

Modern Workshop Practice, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, Dredging 
Machines, Bridges, Ship-Building, &c. By J. G. Winton. 4th Edn., Illustrated 3/6 
" Whether for the apprentice determined to master his profession, or for the artisan bent upon raising 
himself to a higher position, this clearly- written and practical treatise will be a great help." — Scotsman. 

Mechanical Engineering?. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop Machinery, 
Mechanical Manipulation, Manufacture of the Steam Engine, &c. By Francis Campin, 
C.E. Third Edition, Re-written and Enlarged [Just published, 2/6 

"A sound and serviceable text-book, quite up to date." — Building News. 

Details of Machinery. 

Comprising Instructions for the Execution of various Works in Iron in the Fitting- 
shop, Foundry, and Boiler- Yard. By Francis Campin, C.E 3/0 

"A sound and practical handbook for all engaged in the engineering trades." — Building World. 

Elementary Engineering : 

A Manual for Young Marine Engineers and Apprentices. In the Form of Questions 
and Answers on Metals, Alloys, Strength of Materials, &c. By J. S. Brewer. 

Second Edition 1/6 

"A useful introduction to the more elaborate text-books." — Scotsman. 

Power in Motion : 

Horse-power Motion, Toothed- Wheel Gearing, Long and Short Driving Bands, Angular 
Forces, &c. By J ames Armour, C.E. With 73 Diagrams. Third Edition . 2/0 
" The value of the knowledge imparted cannot well be over-estimated." — Newcastle Weekly Chron. 

Iron and Heat. 

Exhibiting the Principles concerned in the Construction of Iron Beams, Pillars and 

Girders. By J. Armour, C.E 2/6 

"A very useful and thoroughly practical little volume." — Mining Journal. 

Practical Mechanism, 

And Machine Tools. By T. Baker, C.E. With Remarks on Tools and Machinery 
by J. Nasmyth, C.E 2/6 

Mechanics. 

Being a concise Exposition of the General Principles of Mechanical Science, and their 
Applications. By Charles Tomlinson, F.R.S. 1/6 

Cranes, 

The Construction of, and other Machinery for Raising Heavy Bodies for the Erection 
of Buildings, &c. By Joseph Glynn, F.R.S 1/6 

NAVIGATION, SHIPBUILDING, ETC. 
Sailor's Sea Book: 

•A Rudimentary Treatise on Navigation. By James Greenwood, B. A. With numerous 
Woodcuts and Coloured Plates. New and Enlarged Edition. By W. H. RosSER 2/6 
" Is perhaps the best and simplest epitome of navigation ever compiled." — Field. 

Practical Navigation. 

Consisting of the Sailor's Sea Book, by James Greenwood and W. H. Rosser ; 

together with Mathematical and Nautical Tables for the Working of the Problems, by 

Henry Law, C.E., and Prof. J. R. Young. Half-bound in leather . . . 7/0 

"A vast amount of information is contained in this volume, and we fancy in a very short time that it 

will be'seen in the library of almost every ship or yacht afloat."— Hunts Yachting Magazine. 

Navigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. Illustrated . 2/6 
"A very complete, thorough, and useful manual for the young navigator." — Observatory. 
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athematical Tables, 

" Trigonometrical, Astronomical, and Nautical Calculation?: lo which is pi-.-iix..- 
tise on Logarithms, liv H, Law. C.E. lonelier with a Series of Table? for 
gation and Nautical Astronomy. Fly Professor J, K. Ytnnts. New Edition 4/0 

asting', mast-making 1 , and Rigging of Ships. 

•'-- Tables of S:.,r. !■::■; ,;[,;; I :;..,!;- : ' : .: ri. W'Lr-.-. ;w! Hemp Kopes. &c, relative 
cry class of vessels. By KOBBB1 knar,,;, M..A 2/0 

Sails and Sail-Making*. 

With Dranghlin.,-. ami Hie Cento- of KIWI of il.e S^ils. Weights anil Si,,-, of Kopes : 
Mailing. Kiggmg, and Sails of Steam Veasobs, Ac, Hy I'. KlPPIWG, N.A. 

Marine Engines and Steam Vessels. 

By R. Mudrav, C E. Ei-lith Edition, thoroughly Kevised, with Add ili 

Author and by GBOfiSX CABLISLK, L'.E 

" An indispensable manual fur die .juiiem of Marine engineering. "—Livtrfwl Mcrtxry. 

Naval Architecture. 



lary Principles. By Jamis I'ka 

Ships for Ocean and River Service, 

Principles of the Construction of. By H. A. SoUMIHFEI.cn 

An Atlas of Engravings 

To Illustrate the aboif.* Twelve large folding Elates. Royal 4I0 



at; 



■, Purchase, and Man 



ARCHITECTURE and BUILDING. 
Constructional Iron and Steel Work, 

AsnppliedioPubli::, Private, and Homes lie Buildings. Hy EhascisCami'IN.C.E. 3/6 

"Anyone "In, Mils .1 h lul. 1.11 ir,,lm',,rs :[■. mi 1 1, In,. I I. ,i- ,.r.,i : . In,) in., 1 mLuiiish, ami liqam-, Kill lit ' 

the present volume 10 be suitable. "— British Architect. 

Building Estates: 

A Treatise on the Development.! 

By F. Maiti.ami. Second Editf 

•"Ill's l..-.uk -hunlii un.l. : i:i»c.lly I.,- ad. 

Science of Building*: 

An Elementary- Treatise on the Pt 
M.A. Lond. Third Edition, revi 

Art of Building*, 

Rudiments of. Geueml l'riiiti|iK's of Construction, Suvii^lli. and l.'se of Materials. 
Working Drawings, Spec ifi tat ions, Ke. iiy Fjhuki LMhson. M k.l.B.A. *c. "" 

Book on Building, 

Civil and Eccli'-siasticn I. liv Sir En.Mirxn IlnKti r. Bart., I.L.D., Q.C.. F.R.A.S. 

Author of "Clocks ami Watches and IVII.s." &e. Second Edition, enlarged. 






,£ anil nearly uly 






Dwelling-Houses, 

Erection of, Illusion, id liv a Perspective View. Plans. Elevations, ami Sections of a 
of Villas, with tin: Sp,vi1iValion, Cmantilies, and Estimates. Hy S. H. BtitxiKS 

Cottag*e Building. 

Bv C. BBUCK At.U5S». Elcv 
Allotments, by E. E. Allen, C.E. 

Acoustics of Public Buildings : 

The Laws of Sound as a], plied to die Arrangement of Buildings, Rv Professor 
T. Roger Smith, F.R.I.RA " 



1 Edition, with Chapter 






1 Economic Cottages for 



[/nil pttblhi 



Practical Bricklaying. 

General Principles of Bricklavitu; : 
Paving, Tiling, &c. Bv ADAH Ham 
"The young bdettiiya "ill fiml it inlinitely valuable .0 him."— Glasgow Htrald. 

Art of Practical Briek-Cutting and Setting. 

iiy Adah HaMmo.nD. With 90 Engravings 



it: 
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Brickwork : 

Embodying the General and Higher Principles of Bricklaying, Cutting and Setting ; 
with the Application of Geometry to Roof Tiling, &c. By F. Walker . . 1/6 
" Contains all that a young tradesman or student needs to learn from books." — Building News. 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of. Containing an Outline of the Principles 
of Brickmaking. By E. Dobson, M.R.I.B.A. Additions by C. Tomlinson, F.R.S. 

Illustrated # 3/0 

" The best handbook on the subject. We can safely recommend it as a good investment." — Builder. 

Practical Brick and Tile Book. 

Comprising : Brick and Tile Making, by E. Dobson, M.InstC.E.; Practical Brick- 
laying, by A. Hammond ; Brick-Cutting and Setting, by A. Hammond. 550pp. 
with 270 Illustrations, strongly half-bound 6/0 

Carpentry and Joinery— 

The Elementary Principles of Carpentry. Chiefly composed from the Standard 
Work of Thomas Tredgold, C.E. With Additions, and a Treatise on 
Joinery by E. W. Tarn, M.A. Sixth Edition, revised and extended . . 3/6 

Carpentry and Joinery. 

Atlas of 35 Plates to accompany and illustrate the foregoing book. With Descriptive 

Letterpress. 4to. 6/0 

11 These two volumes form a complete treasury of carpentry and joinery, and should be in the hands of 
every carpenter and joiner in the Empire." — Iron. 

Practical Treatise on Handrailing: 

Showing New and Simple Methods. By Geo. Collings. Second Edition, Revised, 
including a Treatise on Stairbuilding. With Plates .... 2/6 

" Will be found of practical utility in the execution of this difficult branch of joinery." — Builder. 

Circular Work in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. By George 

Collings. Second Edition 2/6 

"Cheap in price, clear in definition, and practical in the examples selected." — Builder. 

Roof Carpentry : 

Practical Lessons in the Framing of Wood Roofs. For the use of Working Carpenters. 
By Geo. Collings, Author of " Handrailing and Stairbuilding," &c. . . 2/0 

Construction of Roofs, of Wood and Iron : 

Deduced chiefly from the Works of Robison. Tredgold, and Humber. By E. 

Wyndham Tarn, M.A., Architect. Second Edition, revised . . . 1/6 

" Mr. Tarn is so thoroughly master of his subject, that although the treatise was founded on the works 

of others he has given it a distinct value of his own. It will be found valuable by all students." — Builder. 

The Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect. With 160 Woodcuts .... 3/0 

" The work is deserving of high commendation." — Builder. 



And its Application : A Handbook for the use of Students. By G. H. Blagrove 1/6 
" We recommend this valuable treatise to all students." — Building News. 

Timber Importer's, Timber Merchant's, and 
. Builder's Standard Guide. 

By R. E. Grandy 2/0 

" Everything it pretends to be : built up gradually, it leads one from a forest to a treenail, and throws 
in, as a makeweight, a host of material concerning bricks, columns, cisterns, &c." — English Mechanic. 



A Text-Book to the Practice of the Art or Craft of the Plumber. With Chapters upon 

House Drainage and Ventilation. By Wm. Paton Buchan, R.P., Sanitary Engineer. 

Eighth Edition, Re-written and Enlarged, with 500 Illustrations .... 3/6 

'* A text-book which may be safely put into the hands of every young plumber, and which will also 

be found useful by architects and medical professors." — Builder. 

Ventilation : 

A Text-Book to the Practice of the Art of Ventilating Buildings. By W. P. Buchan, 
R. P., Author of " Plumbing," &c. With 170 Illustrations .... 3/6 

The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By Wilfred Kemp 2/0 

House Painting 1 , Graining, Marbling, and Sign 
Writing; : 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. By Ellis 
A. E)avidson. Eighth Edition. Coloured Plates 5/0 



* * 

* 



The above, in cloth boards, strongly bound, 6/0. 



" A mass of information of use to the amateur and of value to the practical man." — English Mechanir 
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of Colouring 1 . 



it James W. Facey. Uhis 






Elementary Decoration : 
Practical House Decoration. 

A (Juidn to Mi-.- An of t>rnainr-nt,il hiimirig, iljt: Arrangement of Colours 
and the Principles of Decorative l)ia.i[>ri. IlijAMlii YV. Facey 
*.' The lost two Werhi in One handsome Vol., hatf-bom 
l-i.i:»i-.MAit AND PRACTICAL, 



Apartments. 

. . am 

House Decoration, 






Limes, Cements, 
Plastering-, &c. 

ByG. R. Burnell, C.E. Thirteenth Ediiioi 

Masonry and Stoneeutting, 

The Principles of Masonic Projection, jlilu! 
E. Dobson, M.R.I. B.A 



Mortars, Concretes, Mastics, 



By William Bland 1/6 

Quantities and Measurements, 

In I kick I: i vers', MasoaV. Plasterers', Plumbers', Painters'. Paperhangers', Gilders', 



nillii', Carpenters' and Joiners' Work. By A 

Complete Measurer; 

Setting forth the: Mrasiin.' m ij I Juan Is, Glass. I imbi.r, and Stone. By R. Horton. 

Fifth Edition 4/0 

*,* The above. stiv»i;:y tomid hi leather, price 5/0. 

Light : 

An lntrodu. 
Arch i tec lu re 

Hints to Young- Architects. 

Bv George Wiiiiiiivii i;. Architect, Author uf " The Palace, of Architecture," &c, Sc. 
Fifth Edition, revised and i-tiluryi-d liy G. Hi tKliSus Gi.iu.ai.-mk. Architect . 8/6 

Architecture— Orders. 

The Orders and their .-Esthetic Principles. 

Architecture— Styles. 

The History ami Description ut die Styles 



y W. H. Leeds. Illustrated 



> the Pre 



triad. By '] 



Orders and Styles of 

Architecture— Design. 

The Principles of Design in Architect 

the Works Of trie Greek and I .otitic A 

"We know no work (hat we would sooner I 

views of the nature of architectural ill. Tie boa 

V The three preceding Worhs j 



Talbot Bury, F.R.I. 

in One Vol., 3/6. 



Countries, from 

LA.. He. IHuj- 

2/0 



e haitdiomc ["..,■'. half-bound, cnlill 
ARCHITECT!. RE," price 6/0. 

Architectural Modelling- in Paper, 

The Art of. By T. A, Ricjiauj-min. With lihijtraii.iii-;. engraved liv 0. Jewitt 1/ 
, 'A™luableaidtolhcprac!kcorarc[iiu-..iu™liiio()dlins-"-* , '" , W<" Ultkly ktfrrter. 

Perspective for Beginners. 

For Students and Amnlenrs in Architecture. Painting, &c. By G. PVNB . . 2/0 

Glass Staining, and the Art of Painting on Glass. 
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Vitruvius— The Architecture of Marcus Vitruvius 
Pollio. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A., F.R.A.S. 

With 23 Plates 5/0 

N.B. — This is the only Edition of 'Vitruvius procurable at a moderate price, 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in ; with an Historical View of the Rise and 

Progress of the Art in Greece. By the Earl of Aberdeen .... 1/0 

%* The two preceding Works in One handsome Vol., half-bdund, entitled "ANCIENT 

Architecture, " price 6/0. 



INDUSTRIAL and USEFUL ARTS. 
Cements, Pastes, Glues, and Gums. 

A Guide to the Manufacture and Application of Agglutinants for Workshop, Laboratory, 
or Office Use. With 900 Recipes and Formulae. By H. C. Standage . . 2/0 
"Asa revelation of what are considered trade secrets, this book will arouse an amount of curiosity 
among the large number of industries it touches." — Daily Chronicle. 

Clocks and Watches, and Bells, 

A Rudimentary Treatise. By Sir Edmund Beckett. Seventh Edition. . 4/6 
%* The above, handsomely bound, Cloth Boards, 5/6. 
" The best work on the subject probably extant. The treatise on bells is undoubtedly the best in the 
language." — Engineering. " The only modern treatise on clock- making." — Horological Journal. 

Electro-Metallurgy, 

Practically Treated. By Alexander Watt. Tenth Edition, enlarged and revised. 
With Additional Illustrations, and including the most Recent Processes . . 3/6 
" From this book both amateur and artisan may learn everything necessary." — Iron. 

Goldsmith's Handbook, 

Containing full Instructions in the Art of Alloying, Melting, Reducing, Colouring, 
Collecting, and Refining. The processes of Manipulation, Recovery of Waste, 
Chemical and Physical Properties of Gold ; Solders, Enamels, and other useful Rules 
and Recipes, &c. By George E. Gee. Third Edition, considerably enlarged 3/0 
" A good, sound, technical educator." — Horo logical Journal. 

Silversmith's Handbook, 

On the same plan as the above. By George E. Gee. Second Edition, Revised 3/0 
" A valuable sequel to the author's ' Practical Gold worker.'" — Silversmith's Trade Journal. 
%* The two preceding Works, in One handsome Vol., half-bound, entitled "THE 
Goldsmiths and Silversmith's Complete Handbook," 7/0. 

Hall-Marking' of Jewellery. 

Comprising an account of all the different Assay Towns of the United Kingdom ; with 
the Stamps at present employed ; also the Laws relating to the Standards and Hall- 
.Marks at the various Assay Offices. By George E. Gee. .... 3/0 
"Deals thoroughly with its subject from a manufacturer's and dealer's point of view. "—Jeweller. 

French Polishing 1 and Enamelling*. 

A Practical Book of Instruction, including numerous Recipes for making Polishes, 
Varnishes, Glaze-Lacquers, Revivers, etc. By Richard Bitmead. 

[Just published. 1/6 

Practical Organ Building. 

By W. E. Dickson, M.A., Precentor of Ely Cathedral. Second Edition, Revised 2/6 
"The amateur builder will find in this book all that is necessary to enable him personally to construct 
a perfect organ with his own hands." — Academy. 

Coach-Building? : 

A Practical Treatise, Historical and Descriptive. By James W. Burgess . 2/6 
" This handbook will supply a long-felt want, not only to manufacturers themselves, but more 
particularly apprentices, and others connected with the trade of coach-building." — European Mail. 

The Cabinet-Maker's Guide 

To the Entire Construction of Cabinet-Work, including Veneering, Marqueterie, Buhl- 
Work, Mosaic, Inlaying, Working and Polishing Ivory, Trade Recipes, &c. By 
Richard Bitmead. With Plans, Sections, and Working Drawings. 

[Just published. 2/6 

Brass Founder's Manual: 

Instructions for Modelling, Pattern Making, Moulding, Turning, &c. By W. 
Graham 2/0 

Sheet Metal-Worker's Guide. 

A Practical Handbook for Tinsmiths. Coppersmiths, Zincworkers, &c, with 46 
Diagrams and Working ' * A. Crane. Second Edition, revised "Lfc 

" The author hat acnnrf •- %ct in. ckoQfs,\xv% V£\& «xasu$«&* "»»&> ^fc^. ^ 

ktt ability famatiqg tha: 
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A'. l:ii[,.i:n.i«T, CE. . . . 2/1 

Gas Fitting-: 

A Practical IlanilliooU. \: J. mi-, I'co i,. k.-viied L'diOon. Willi 1 30 Illustrations 9/6 

Construction of Door Locks. 

From (he P.tpers of A. C. Hobhs. Edited by CHARi.r.s Tumi. in 

a Note upon IiujN -Saii-.s hy Kiimkrt Mau.et. Illustrated 2/0 

The Model Locomotive Engineer, Fireman, and 
Engine- Boy. 

Hl-MlCliAKI.kl-.VM.lI.US 3/6 

Art of Letter Painting* made Easy. 

By JAMES Ghkic Badenocii. Wuh 1 = mll-pug,: Fngravmgs of E: 

Art of Boot and Shoemaking, 

Including Measurement. La^t-filtins; , CuitiriK-.mt, Closing and 
Description ot 111-- UKe-i Approved Machinery employed. Ily J, 1!, L.ENO 

Mechanical Dentistry: 

A Practical Treatise on the Construction ol the Various Kinds of Artificial Dent 
comprising, also Useful Formula. Tallies and Receipts. By C. Hcntek . 

Wood Engraving : 

A Practical mid Easy Introduction to the Study of the Art. Hy W. N. Brown 

Laundry Management. 

A H.iLWi. .-,'■: 1 . 1 I'r v. in; and Public Laundries, Indu'tiny; Accounts of Modern 
M.u-I:,!.. : \ „ ,. lie the EDITOR of TMt laundry jour ' 



AGRICULTURE, GARDENING, etc. 
Draining and Embanking. 



Irrigation and Water Supply : 

A Practical Treai^c tin Wn-rr Meadow s, >i-.t;ii;' 1 [1 iiLalion. Warping. &c. ; 00 the 

1/6 
Farm Roads, Fences, and Gates: 

A Practical Treatise nn the Koads, Tmimtnvs. ami Wai.-rwav.s of die Farm ; the Prin- 
ciple, oi I. 1. 1. -i,r -: .in ! 011 Fences. < ism-s, ami Stiles, liv Pint John St hit . 1/6 

Farm Buildings: 

A PnH-t-.'a' I :.m- die liiiililiiies neco'iirv for Millions kinds of Farms, their 

ArraiiL-ein.-iil unci ( ■ ' ■■ . « a!- I '' '■■• .1,1 1 V.'-l hnale-. I iv IV. .f..-s=or I . S< OTT 2/0 

■■No ...tiff wis.:, i- L-jlL«-a 1.1 ■ ■- '-■■ 11 J - ..IT.idi.,l.e v. iilioul this work."— BuiMtr. 

Barn Implements and Machines: 

Treating of 1 he A n ; .. - i.. i... . '..eiaikia- ol Agriculture ; and of the 

viiiioLi-.M.n-liiin-i i. ;..! 'i Ll..' 1 1 1 r. ..1. ii_; li mi. in Die sufckynnl. Dairy, &c. Fly 

Field Implements and Machines: 

Willi Principles and hctaili oi Construction and Poiiils ol Fsc-liciiec, tlieir Mnn.igr- 
ment, Kc. Ily Professor Juris ScoTT. Willi 13a Illustrations .... 2/0 

Agricultural Surveying: 

A Treatise on l-aiid Survcviiig. Levelling, and SeiiiM;-.niL ; with Directions for 
Valuing and keporting on Farms and Ksiales. By Professor j. ScoTT . 1/8 

Farm Engineering. 
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Hv Profi-ssor Inns N m 1. t "..inp: Lsin.t; die above .•-even Voltmies in One. 1,150 pages, 
sniiorer6oollliisiian.nl,. Unif-bound _ . 12/0 
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Outlines of Farm Management. 

Treating of the General Work of the Farm ; Stock ; Contract Work ; Labour, &c. By 
R. Scott Burn, Author of "Outlines of Modern Farming," &c. 2/o 

^ "The book is eminently practical, and may be studied with advantage by beginners in agriculture, 
while it contains hints which will be useful to old and successful farmers." — Scotsman. 

Outlines of Landed Estates Management 

Treating of the Varieties of Lands, Methods of Farming, the Setting-out of Farms, &c. ; 
Roads, Fences, Gates, Irrigation, Drainage, &c. By R. S. Burn . . . 2/6 

" A complete and comprehensive outline of the duties appertaining to the management of landed 
estates."— -Journal of Forestry. 

Soils, Manures, and Crops. 

(Vol. I. Outlines of Modern Farming.) By R. "Scott Burn. Woodcuts . 2/0 

Farming? and Farming? Economy, 

Historical and Practical. (Vol. II. Outlines of Modern Farming.) By R. Scott 
Burn 3/0 

"Eminently calculated to enlighten the agricultural community on the varied subjects of which it 
treats ; hence it should find a place in every farmer's library." — City Press. 

Stock: Cattle, Sheep, and Horses. 

(Vol. III. Outlines of Modern Farming.) By R. Scott Burn. Woodcuts 2IQ 

" The author's grasp of his subject is thorough, and his grouping of facts effective. . . . We com- 
mend this excellent treatise." — Weekly Dispatch. 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn. Woodcuts 2/0 

" We can testify to the clearness and intelligibility of the matter, which has been compiled from the 
best authorities. " — London Review. 

Utilization of Sewage, Irrigation, &e. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn. Woodcuts 2/6 

" A work containing valuable information, which will recommend itself to all interested in modern 
farming. " — Field. 

Outlines of Modern Farming. 

By R. Scott Burn, Author of "Landed Estates Management," &c. Consisting of the 
above Five Volumes in One, 1,250 pp., profusely Illustrated, half-bound . . 12/0 

"The aim of the author has been to make his work at once comprehensive and trustworthy, and in 
this aim he has succeeded to a degree which entitles him to much credit." — Morning Advertiser. 

Book-keeping for Farmers and Estate Owners* 

A Practical Treatise, presenting, in Three Plans, a System adapted for all classes of 
Farms. By J. M. Woodman, Chartered Accountant. Third Edition, revised . 2/6 

" Will be found of great assistance by those who intend to commence a system of book-keeping, the 
author's examples being clear and explicit, and his explanations full and accurate." — Live Stock Journal. 

Ready Reckoner for Admeasurement of Land. 

By A. Arman. Third Edition, revised and extended by C. Norris, Surveyor . 2/0 

" A very useful book to all who have land to measure." — Mark Lane Express. 

" Should be in the hands of all persons having any connection with land.' — Irish Farm, 

Ready Reckoner for Millers, Corn Merchants, 

And Farmers. Second Edition, revised, with a Price List of Modern Flour Mill 
Machinery. By W. S. Hutton, C.E 2/0 

" Will prove an indispensable vade mecum. Nothing has been spared to make the book complete and 
perfectly adapted to its special purpose." — Miller. 

The Hay and Straw Measurer: 

New Tables for the use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c, 
forming a complete Calculator and Ready Reckoner. By John Steele . . 2/0 

" A most useful handbook. It should be in every professional office where agricultural valuations are 
conducted." — Land Agent's Record. 

Meat Production: 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. By John 

Ewart 2/6 

" A compact and handy volume on the meat question." — Meat and Provision Trades Review. 
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Sheep : 

The History, Structure, Economy, and Diseases of. By W. C. Spooner. Fifth Edition, 
with Engravings, including Specimens of New and Improved Breeds . . . 3/6 
" The book is decidedly the best of the kind in our language." — Scotsman. 

Market and Kitchen Gardening*. 

By C. W. Shaw, late Editor of "Gardening Illustrated" 3/6 

" The most valuable compendium of kitchen and market-garden work published." — Farmer. 

Kitehen Gardening? made Easy. 

Showing the best means of Cultivating every known Vegetable and Herb, &c, with 
directions for management all the year round. By Geo. M. F. Glenny. Illustrated 1/6 
" This book will l>e found trustworthy and useful." — North British Agriculturist. 

Cottage Gardening?; 

Or, Klowers, Fruits, and Vegetables for Small Gardens. By E. Hobday . . 1/6 
"Definite instructions as to the cultivation of small gardens." — Scotsman. 

Garden Receipts. 

Edited by Charles W. Quin. Third Edition 1/6 

" A singularly complete collection of the principal receipts needed by gardeners." — Farmer. 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Du Breuil. Fourth 
Edition, carefully Revised by George Glenny. With 187 Woodcuts . . 3/6 
" The book teaches how to prune and train fruit trees to perfection." — Field. 

Tree Planter and Plant Propagator: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, Houses, 

Pits, &c. By S. Wood, Author of "Good Gardening," &c 2/0 

" Sound in its teaching and very comprehensive in its aim. It is a good book." — Gardeners* Magazine. 

Tree Pruner: 

Being a Practical Manual on the Pruning of Fruit Trees, including also their Training and 
Renovation, also treating of the Pruning of Shrubs, Climbers, and Flowering Plants. With 
numerous Illustrations. By Samuel Wood, Author of " Good Gardening," &c. 1/6 
** A useful book, written by one who has had great experience." — Mark Lane Express. 

* # * The above Two Vols, in One, handsomely half-bound, entitled "The Tree Planter, 
Propagator and Pruner." By Samuel Wood. Price 3/6. 

Art of Grafting? and Budding?. 

By Charles Baltet. With Illustrations 2/6 

" The one standard work on this subject." — Scotsman. 



MATHEMATICS, ARITHMETIC, ETC. 
Descriptive Geometry, 

An Elementary Treatise on ; with a Theory of Shadows and of Perspective, extracted 
from the French of G. Monge. To which is added a Description of the Principles and 
Practice of Isometrical Projection. By J. F. Heather, M.A. With 14 Plates. 2/0 

Practical Plane Geometry: 

Giving the Simplest Modes of Constructing Figures contained in one Plane and 
Geometrical Construction of the Ground. By J. F. Heather, M.A. . 2/0 
" The author is well-known as an experienced professor, and the volume contains as complete a 
collection of problems as is likely to be required in ordinary practice." — Architect. 

Analytical Geometry and Conic Sections. 

By James Hann. New Edition, Enlarged by Professor J. R. Young . . 2/0 
41 The author's style is exceedingly clear and simple, and the book is well adapted for the beginner 
and those who may be obliged to have recourse to self-tuition." — Engineer. 

Euclid, 

The Elements of ; with many Additional Propositions and Explanatory Notes ; to 
which is prefixed an Introductory Essay on Logic. By Henry Law, C.E. . 2/6 

%* Ssid also separately, vis. : — 

Euclid. The First Three Books. By Henry Law. C.E. . . . 1/6 
Euclid. Books 4. 5. 6. 11, 12. By Henry Law, C.E 1/6 

Plane Trigonometry, 

~*ncnts of. By JAMES Hans, M.A. Stab \LaAUOTk .... 1/6 
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Spherical Trigonometry, 

The Elements of. By James Hann. Revised by Charles H. Dowling, C.E. 1/0 



* * 

* 



Or with " The Elements of Plane Trigonometry" in One Vol., 2/6. 



Differential Calculus, 

Elements of the. By W. S. B. WoOLHOUSE, F.R.A.S., &c 1/6 

Integral Calculus. 

By Homersham Cox, B.A 1/6 

Algebra, 

The Elements of. By James H addon, M.A., formerly Mathematical Master of King's 
College School. With Appendix, containing Miscellaneous Investigations, and a col- 
lection of Problems 2/0 

Key and Companion to the Above. 

An extensive repository of Solved Examples and Problems in Illustration of the 
various Expedients necessary in Algebraical Operations. By J. R. Young . 1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and German. By 
James Haddon, M.A., formerly Mathematical Master, King's College School . 1/6 

Arithmetic, 

A Rudimentary Treatise on : with full Explanations of its Theoretical Principles, and 
numerous Examples for Practice. For the use of Schools and for Self-Instruction. By 
J. R. Young, late Professor of Mathematics in Belfast College. Eleventh Edition 1/6 

Key to the Above. 

By J. R. Young i 1/6 

Equational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General Commerce : 
with various Tables by which all calculations may be greatly facilitated. By W. 
Hipsley 1/6 

Arithmetic, 

Rudimentary, for the Use of Schools and Self-Instruction. By James Haddon, M.A. 
Revised by Abraham Arman 1/6 

Key to the Above. 

By A. Arman 1/6 

Mathematical Instruments, 

A Treatise on ; Their Construction, Adjustment, Testing, and Use concisely explained. 
By J. F. Heather, M.A., of the- Royal Military Academy, Woolwich. Fourteenth 
Edition, Revised with Additions, by 'A. T. Walmisley, M.I.C.E., Fellow of the 
Surveyors' Institution. Original Edition in One Vol., Illustrated . . . 2/0 
%* In ordering be careful to say " Original Edition," to distinguish it from the Enlarged 

Edition in Three Vols, (see below). 

Drawing and Measuring? Instruments. 

Including — I. Instruments employed in Geometrical and Mechanical Drawing, and in 
the Construction, Copying, and Measurement of Maps and Plans. II. Instruments 
used for the purposes of Accurate Measurement, and for Arithmetical Computations. 
By J. F. Heather, M.A 1/6 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for producing 
copies of Maps and Plans by Photography. By J. F. Heather, M.A. Illustrated 1/6 

Surveying? and Astronomical Instruments. 

Including — I. Instruments used for Determining the Geometrical Features of a portion 
of Ground. II. Instruments employed in Astronomical Observations. By J. F. 
Heather, M.A. Illustrated 1/6 

* # * The above Three Volumes form an enlargement of the Author s original work, 

4 • Mathematical Instruments, "price 2/0. 

Mathematical Instruments : 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, Measuring, 

Optical, Surveying, and Astronomical Instruments. By J. F. Heather, M.A. 

Enlarged Edition, for the most part re-written. Three Parts as above . . 4/6 

"An exhaustive treatise, belonging to the well-known Weale's Series. Mr. Heather's experience 

well qualifies him for the task he has so ably fulfilled." — Engineering and Building Times. 

Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a Slide Rule 
in tuck of cover. Fifth Edition 2/C 
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Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is prefixed a 
Treatise on Logarithms. By H. Law, C. E. Together with a Series of Tables for 
Navigation and Nautical Astronomy. By Professor J. R. Young. New Edition 4/0 

Logarithms. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical Calcula- 
tions. By Henry Law, C.E. Revised Edition. (Forming part of the above work) 3/0 

Theory of Compound Interest and Annuities: 

With Tables of Logarithms for the more Difficult Computations of Interest, Discount, 
Annuities, &c, in all their Applications and Uses for Mercantile and State Purposes. 
By Fedor Thoman, of the Soctete Credit, Mobilier. Paris. Fourth Edition . 4/0 

" A very powerful work, and the author has a very remarkable command of his subject." — Professor 
A. de Morgan. " We recommend it to the notice of actuaries and accountants." — Athenctum. 

Treatise on Mathematics, 

As applied to the Constructive Arts. By Francis Campin, C.E., &c. 2nd Edn. 3/0 
"Should be in the hands of every one connected with building construction." — Builders' Reporter. 

Astronomy. 

By the late Rev. Robert Main, M.A., F.R.S. Third Edition, revised and corrected. 

By William Thynne Lynn, B. A., F.R.A.S 2/0 

" A sound and simple treatise, very carefully edited, and a capital book for beginners." — Knowledge. 

Statics and Dynamics, 

The Principles and Practice of ; embracing also a clear development of Hydrostatics, 
Hydrodynamics, and Central Forces. By T. Baker, C. E. Fourth Edition . 1/6 



BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

Manual of the Mollusea : 

A Treatise on Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 

Woodcuts 7/6 

"A storehouse of conchological and geological information." — Hardivicke's Science Gossip. 

Dictionary of Painters, 

And Handbook for Picture Amateurs ; being a Guide for Visitors to Public and Private 
Picture Galleries, and for Art Students, including Glossary of Terms, &c. By Philippe 

Daryl, B.A 2/6' 

"Considering its small compass, really admirable. We cordially recommend the book." — Builder. 

Painting? Popularly Explained. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, Painting on 
Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth Edition 5/0 



* * 

* 



Adopted as a Prize Book at South Kensington. 



" Much may be learned, even by those who fancy they do not require to be taught, from the careful 
perusal of this unpretending but comprehensive treatise." — Art Journal. 

Dictionary of Terms used in Architecture, 

Building, Engineering, Mining, Metallurgy, Archaeology, the Fine Arts, &c. 
By John Weale. Sixth Edition. Edited by Robt. Hunt, F.R.S., Keeper of 
Mining Records, Editor of " Ure's Dictionary." Numerous Illustrations . . 5/0 






The above, strongly bound in cloth boards, price 6/0. 



" The best small technological dictionary in the language." — Architect. 

Music, 

A Rudimentary and Practical Treatise on. By Charles Child Spencer . 2/6 

" Mr. Spencer has marshalled his information with much skill, and yet with a simplicity that must 
recommend his works to all who wish to thoroughly understand music." — Weekly Times. 

Pianoforte, 

The Art of Playing the. With Exercises and Lessons. By C. C. Spencer . 1/6 

"A sound and excellent work, written with spirit, and calculated to inspire the pupil with a desire to 
aim at high accomplishment in the art." — School Board Chronicle, 
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House Manager : 

Being a Guide to Housekeeping, Practical Cookery, Pickling and Preserving, House- 
hold Work, Dairy Management, the Table and Dessert, Cellarage of Wines, Home- 
brewing and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By An Old Housekeeper . . 3/6 

" We find here directions to be discovered in no other book, tending to save expense to the pocket, as 
■well as labour to the head." — John Bull. 

Manual of Domestic Medicine. 

By R. Gooding, B.A., M.D. Intended as a Family Guide in all Cases of Accident and 

Emergency. Third Edition, carefully revised 2/0 

" The author has performed a useful service by placing at the disposal of those situated at a distance 
from medical aid, a reliable and sensible work in which professional knowledge and accuracy have been 
well seconded by the ability to express himself in ordinary untechnical language." — Public Health. 

Management of Health. 

A Manual of Home and Personal Hygiene. By the Rev. James Baird, B.A. . 1/0 

"It is wonderfully reliable, it is written with excellent taste, and there is instruction crowded into 
•every page." — English Mechanic. 

House Book, 

Comprising — I. The House Manager. By An Old Housekeeper. II. Domestic 
Medicine. By Ralph Gooding, M.D. III. Management of Health. By 
James Baird. * In One Vol., strongly half-bound 6/0 

Natural Philosophy, 

For the Use of Beginners, By Charles Tomlinson, F.R.S. .... 1/6 

Electric Lighting: 

The Elementary Principles of. By Alan A. Campbell Swinton, M.Inst.C.E., 
M.Inst. E.E. With 16 Illustrations. Fourth Edition, Revised [Just published. 1/6 

Electric Telegraph : 

Its History and Progress ; with Descriptions of some of the Apparatus. By R. Sabine, 
k^.Ej., r .k5. t\. t ocC. ...••..••... o/U 

" Essentially a practical and instructive work." — Daily Telegraph. 

Handbook of Field Fortification. 

By Major W. W. Knollys, F.R.G.S. With 163 Woodcuts. . . . . 3/0 

"A well-timed and able contribution to our military literature. . . . The author supplies, in clear 
•business style, all the information likely to be practically useful." — Chambers of Commerce Chronicle. 

Logic, 

Pure and Applied. By S. H. Emmens. Third Edition 1/6 

" This admirable work should be a text-book not only for schools, students, and philosophers, for all 
litterateurs and men of science, but for those concerned in the practical affairs of life, &c." — The News. 

Locke's Essays on the Human Understanding. 

Selections, with Notes by S. H. Emmens 1/6 

Compendious Calculator 

{Intuitive Calculations) ; or Easy and Concise Methods of performing the various 
Arithmetical Operations required in Commercial and Business Transactions ; together 
with Useful Tables, &c. By Daniel O'Gorman. Twenty- seventh Edition, carefully 
revised by C. Norris 2/6. Strongly half-bound 3/6 

" It would be difficult to exaggerate the usefulness of this book to every one engaged in commerce or 
manufacturing industry. It is crammed full with rules and formulae for shortening and employing 
-calculations in money, weights and measures, &c, of every sort and description." — Knowledge. 

Measures, Weights, and Moneys of all Nations, 

And an Analysis of the Christian, Hebrew, and Mahometan Calendars. By W. S. B. 

Woolhouse, F. R.A.S. , F.S.S. Seventh Edition 2/6 

"A work necessary for every mercantile office." — Building Trades Journal. 

Grammar of the English Tongue, 

Spoken and Written. With an Introduction to the Study of Comparative Philology. 
By Hyde Clarke, D.C.L. Fifth Edition 1/6 

Dictionary of the English Language, 

As Spoken and Written. Containing about 100,000 Words. By Hyde Clarke, 
D.C.L 3/6 

*♦* Complete with the Grammar, 5/6. 

Composition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. By Jus rp " 
Brenan. Eighteenth Edition 
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French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. By 

G. L. Strauss, Ph.D 1/6 

English-French Dictionary. 

By Alfred Elwes 2/0 

French Dictionary. 

In Two Parts : I. French-English. II. English-French. Complete in One Vol. 3/0 

%* Or with the Grammar, 4/6. 

French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, Collection 
of Phrases, and Easy Familiar Dialogues 1/6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical Grammar, by 
Dr. G. L. Strauss 1/6 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German -French-English. Part II. English- 
German-French. Part III. French-German-English 3/0 

German Triglot Dictionary 

(As above). Together with German Grammar in One Vol. .... 5/0 

Italian Grammar, 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwes . . . 1/6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefully noted down. 
By Alfred Elwes. Vol. I. Italian-English-French ..... 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. II. English-French-Italian 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. III. French-Italian-English . 2/6 

Italian Triglot Dictionary 

(As above). In One Vol 7/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes . . 1/6 

Spanish-English and English-Spanish Dictionary* 

Including a large number of Technical Terms used in Mining, Engineering, &c, with 
the proper Accents and the Gender of every Noun. By Alfred Elwes . . 4/0 



♦ » 
» 



Or with the Grammar, 6/0. 



Portuguese Grammar, 

In a Simple and Practical Form. With Exercises. By Alfred Elwes . . 1/6 

Portuguese-English and English-Portuguese Dic- 
tionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c, with 
the proper Accents and the Gender of every Noun. By Alfred Elwes. Third 

Edition, revised 5/0 

%* Or with the GRAMMAR, 7/0. 

Animal Physics, & 

Handbook of. By Dionysius Lardner, D.C.L. With 520 Illustrations. In One Vol. ^>^ 

(732 pages), cloth boards . » 7/6 

%* Sold also in Two Parts, as follows: — 

Animal Physics. By Dr. Lardner. Parti., Chapters I.— VII. . . 4/0 

Animal Physics. By Dr. Lardner. Part II. Chapters VIII.— XVIII. . 3/0 



